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To His GRACE, 


WILLIAM. 
Duke of BEDFORD, 


Marquiſs of TAVIST OCK, Lord 
RUSSEL. Baron Ruſſel of T horn- 
hangh, and Baron Howland of 

Sreatham, Knight of the Moſt 
Noble Order of the GART ER, 
Lord Lieutenant of the Counties 
of Middleſex, Cambridge and Bed- 
ford, and One of his Majeſty's 
Moſt Honourable P R I'V Y 
COUNCIL, 


VENTERUS MANDEF 


and 
ZAMES MONXON, 


In teſtimony of the Honour and re- 
ſpective Obſervance they bear to- 
that Noble Duke, humbly Pub- 
liſh and Dedicate this their 
enſuing TREATISE. 


As the chiefcſt and moſt uſeful 4 RT S, which 
A. Gods. the moſi wiſe driificer, hath granted to 
Markind;#his Noble Mechanick Art is-tot 1h& mea- 
neſt, and yet nevertheleſs, for the moſs part, the leaſs 
regarded, which I much admire ; it being of ſuch ge- 
neral Uſe for all ſorts' of Men, in making of Mills of 
varions kends, for Grmgeing, Sawmg, Pounding, &C. 
and Engines for making Manes, and Coal-Pits, Ratſmg 
of Waters, ard. other heavy ÞBodres, likewiſe m making 
Clocks and Watches, &C. and alſo for ſeveral” other 
Uſes, too long to mſert here. This Work hath bec11 
largely Treated of by ſeveral ingenrous Men ;' in Italian, 
French, High-Dutchand Latin, v:z. Archimedes, 
Ariſtotle, Schattus, Steyinus, Guido Lbal-dus, 
Mereſnnus, Dechales and Caffatus, but moſt larg- 
l and learncdly by our Reverend C ountr y=man Dr. Wal- 
lis mm his Mechanica, and by [cveral others, which 1 
omit naming ; 10 one having writ of it ts our Native 
Language that I have ſcen or heard if, but the Reverend 
BiJhop Wilkins, and he but briefly, and rather Hiſto- 
rically than fundamentally. In the following Treatiſe we 
have Cullefted thoſe things which are moſt pertinent tg 
the Work, and. drvided the whole Treatiſe mito 10 
Books, . an-.account whereof you have m the following 
Pages ; which bzing as kimdly recarved, as they are 
freely offered, will obliege thife who are friends to all, 
but eſpecially to them that are Mathematically mnclined. 


V. M. and |. M. 
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'1n a depretjed Sire, or !Palitiem, !efs Forge 1s required. tina tu an Horizer 
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£Freater part of the Wezght, and that which is further, the leſſer part . 
porting to the Diſtance regipropaly, <: NES NO - A a 
Prop. XVII. Powers conſiſting at the Ends of a Leaver, do not bear the Weight 
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hr ce III. White two Powers ſuſtain a Weight whoſe Centre is above Fad 
.caver, in a declined Site, the lower Power bears che greatet Weight, 76:4. 
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of a Power, 87 
Prop. VI.A Weight hung to a movable Pulley, its ha!f part is diminiſhed, 74-4. 

Prop. VII. A Power applied to a movable Pulley diminiſhes an halt part, in . 
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terns, -to which they are applied, 309 

Prop. XVII. Of oblique and interrupted Movements, or Motians, 319 

; Prop-XVIIL. How to raiſe a Weight by an Oblique Motion, 313 
* % ” 
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the quantities of moving Forces, and of the times in 
which the Motion is made. 

The Centre of Gravity of any Body is a certain point with- 
in it, having the 'parts about ir every where conſiſting of equal 
moments according ro which ir is born dowhward, and from 
whence if a body be conceived to be hung by a Line it reſteth 
while it bears downward, keeping the Poſition which ir had 
in the beginning, and that Line is always perpendicular to the 
Horizon. 


PROFOS Ek 


Arious are theEngins,to which if force be uſed,their ſtrengths 
are augmented in a wonderful manner, ſo thar, thar which 
1s fit to overcome the reſiſtance of 100 pound weight, may be 
made ſuffcientto overcome 1090 pound, yea,2 000 pound weight, 
and more : I will expound this Propotition, which cannor be 
done better than by ſimply expoling to view the Engines, whoſe 
forces are increaſed by the ſtrength of. their movers, and we 
will ſhew what Experience approves in Common Engins; and 
becauſe almoſt all Authors recal the other Powers to the Bal 
lance, we will begin with ir. ny 
Of 


| | THE Mechanick Art 1s a Science which contemplates abour 


Mechanick Powers. Book 1. 
Of the Ballance. 


Y the Bz/lance we underftand an iron Rod, hanging freely 
in the middle point which is called the Beam, or Cenre ; 
and the effe&t which daily experience teaches us is this. 

Fig. 1. If two equal Weights ſuppoſe of 4 pound each be hang 
in the points A and B, fo that the hnes AC, CB are equa}, 
they will poiſe each other, or be in Equiibrie. But if the 
weight F be never ſo little removed from the Beam or Cock C, 
{o that the line B C be longer than the line A C, the weighr 
F overcomecs and raiſcs the weightE ; if you ask why thoſe forces 
are increaſed by their greater diftar.ce from the Beam, or Centre, 
fo that the diſtance augmented is equivalent to the weight ; 
that is, ſuppoſe two unequal weights E and G, and let the pro- 
portion of the weight E to the weight G, be the fame as the 
diſtance CH to the diſtance A C; and that the weight at H com- 
penſates or makes amens in the diſtance for that which it wants 
in the Gravity or weight, ſo that they ſtill remain in equilibrio, 
( or equally poiſed ) therefore it is queſtioned, wheretore the 
diſtance from the beam adminiſters ſufficient ſtrength to it to re= 
{iſt double its weight ; which is fo far forth a truth, that if the 
line or rod C H being produced farther in certain divittons, 
the ſame weight, ſuppoſe one pound, will according to the fe- 
veral ciiances equiponderate to any weight, or number of 
pounds hung in the point A, and this kind of Balance 1s in uſe 
every where, for Butchers wcigh their meat by it, and Farmers 
their Fiay, ©c. Only Notre this one thing, which in all En- 
gines 0uzhr to be noted, to. wit, as often as the force of the 
power + increaſed by the Engin, ſo often alſo is its motion 
increaſed with reſpect to the motion of the weight; as in the 
former example, while the weight G 1s at the diſtance CH, being 
double the diſtance of A C, all things being ſo diſpoſed, it 
you remove the weight E one foot, the weight G muſt be 
removed 2 feet, fince it de{cribes an Arch doubly greatcr, or as 


great again. 
Of the Lever. 


T7 ſecond Engin which is propoſed is the Leaver, which 
is a firm body extended in length, as a Bar of Iron or a 
wooden Bar of firm ſubſtance, in which three things are al- 
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Book T. Mechanck Powers. 3 
ways to be diſtinguiſhed ; to wit, the power of the Movents 
the Weight to be moved, and the point that fiitains the Leavers 
Which 1s called Hypormociion or Prop, being nothing but a Roller 
or a piece of Timber or Stone laid under the Leaver, to ſup- 
port 1t, even as in the Bailarce we Gittinguith three things, to 
wit, the two Weights and the Beam or Cock ; whence ir 
Comes to paſs that the Leaver is Coinpared to the Pallance. And 
becauſe the Hypomeclion may poſſeſs either the middle place be- 
tween the power and the weight, or it may ve in one of the 
extreams or ends. and that two fold, ro wit, cither ſo rhat the 
we<ighe may pollets the middle place, or elſe the power may be 
in the middle, therefore there are three kinds of Leawers, 

Fig. 2. The firſt kind of Leaver hath the weight on one end 
A, the Power in the other end C, and the Hypormeclion in the 
middle, to wit, in the point B, and it the power happen to be 
equally diitant from the Hypormociion, with the weight, and {ſo 
equally moved; In ſuch difpciition if the power can of it felf 


- and without an F»giz move 109 pound, :ind the weight A be 


Juft 100 pound, ic may move that and no more , bur if the 
diitance B C be greater than the diſtance A 3, tuppoſe double ro 
it, and bcing fo diſpoſed, while rhe weight is moved one foor, 
the Power C performs 2 feet, then the ſame power being plac- 
ed in C, will raiſe or overcome 200 pound in A. 

The ſame proportion in 4 manner is i2id to be in the ſecond 
kind of Leaver, for becaule the diſtance D F excecds the diſtance 
D E, therefore the power placed in F, will be increaſed accor- 
ding proportion of the line D F to the line DE. 

The third kind of Leaver increaſcs not the force of the Pow- 
er, but rather increaſes the force and reſiſtance of the weight, 
and lefſens the force of the power ; beeaule the diſtance ot the 
power H from the Hyp-moclion G, is lefs than the dittance G I 
of the weight from the fame Hypemoc!ion ; and Conſequently 1n 
ſuch diſpotition the power is lets moved than the weight. 


Of the Wheel, or Axas, in Peritrochio. Fig, 3. 


br” IVheel, or Axis, in Peritrochio my be varioully uſed, and this 
Figure exprelles it ſufficiently, The power Wit be in the 
point F, and the weight in the point D ; 1t may ealtly be re- 
duced to the Leaver of the firit or ſecond kind ; For 11s Axis 
AB hath the force of the Hyporacelion, and becaute the weight is 
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59 D, its diſtance will be CD ard the diſtance of the power applied 
in F will be E F; Therefore the active force of the power will- 
be increaſed according to the Ratio or proportion of- the line 
EFtroCD, that is, if E F be four times as much as CD, and 
the power without an Engin may take up 100 pound' weight ; 
ir being added to fuch an Engin may take up or draw 400 
pound weight ; Here we ſhall offer-no reaſon, but expoſe the 
preciſe effe&t and experience; Wherein we would note one 
ching, that the preciſe diſtance from the Hypomoclicn doth not 
conferr this augmentation, bur that diſtance from whence 
follows the greater motion in the power, withreſpect to 
the motion of the weight, that is, if the Power H ſhould 
draw by the rope FH, the diſtance H E 15 not to be re- 
garded, bur only FE, becaute although: the length: of tho 
rope increaſe and conſequently the diſtance HE ; notwith- 
ſtanding from that diſtance it doth not follow, that while the 
weight is moved one foot, the power is moved more thaty 
four feet. | 


Of the Pulley or Windleſs, F 18. 4. 


HE fſwgle Pulley increaſes not force, and-is reduced to tho 

Leaver; notwithſtanding being ſocompoled thar the diſtancy 
of the weight and* of che Power are equal, and theſe dittances 
are DB, BE from the immoveable point B;z. and fince na 
Puiley hath - motion, bur about the Fixed point B, therefore the 
forces are not increaſed, if the principle we proſecute be con- 
{tirured, becauſe the power is as well. moved- as the weight. 
The only benefit that accrues from the Pulley inthis diſpoition, 
is that the power may be more eaſily applied, and to ſhun 
the refſtarce which may happen by accident, becauſe the rope 
being turn'd about an immoveable Cylinder is fretted and. 
WOrn. 


"a>. The Pulley may be diſpoſed after another manner. 


Fig. 5. It may be made ſo that the whole Pulley may move, 
fuppoſing one end of the rope faſtned in A, and the weight .G, 
the Power F, and this is commonly reduced to the Second kind 
of Leaver, for the Hypomoclion iS {uppoled in B, the weight G 
s in E, and. the power F is in D, aud. therefoxe the diſtance 
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of the power is double from the Hy50neclion, and while the 
weizht G aſcends to H, the Power F will be moved to a 
double diſtance : Ir is not need*{u] here to ſhew all the Combi- 
nations of Pulleys, but only in this Caſe to ſhew the double 
force of the power, and that force which before was equal to 
100 pound weight, by this difpoſition may be. made equal. ro 
200 pound weigi!tr. s 


Off the W, due. Fig. 6. 


AE Wedge is an Inſtrument made of follid matter, as Iron cx 
Pod ending in a ſharp point or edge, AS ABCDEF, 
ſome Authors ſtrive/to reduce it to the Leaver, in which we are 
indifferent, and the Wedge ſeems. to be a double Leaver of the 
ſecond kind, in which the. Hypomoclion 1s in the line G H, the 
weight in R and K, the Power in L and:M, bur how ill they 
have reſented or reduced it, we. will ſkhew hereafter; However 
it be, it is Certain the force of che Power is increaſed by the 
ſharpneſs of the Wedge, and the accuteneſs of the Angle, becauſe 
while the bodies which have the force of the weighr, go back 
from one another by rhe line R K, the IPedge is moved accord- 
ing to the line I O: Add allo, that the power which is ſtruck 
with a blow on the head of the Wedge, makes a greater motion, 
than the Power which is made by weight lying on the head of 
the //edpe. 


Of the Screw.. Fig. 7. 


He Screw is a moſt powerful Machine, of Engin, and is a 
T Cylinder cut with a wreathed circle about ir, which may 
be varioully conſtitured and made : We thall not atrempr to 
reduce it to the Leaver, but 'tis Certain, that one man who. 
can alone by his own ſtrength raiſe 100 pound, may by this 
Engin ſometimes raife 10000 pourd. For let the weight» 
be DE, the Power C, in the mean while thar the weight is 
moved according to the diſtance which is_ berween two 
wreaths, or ſpires of the Screw, jt is necettary that the power 
laced in the point C abſcives or finithes a whole- Circle ; 
the:cfore It the diftance between the rwo wreaths be equal. 
to the. line N Q, then ſeek how. many times the. line. N © tg, 
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contained in the circumfercr.ce of the circle CK L, if it be 
contained 100 times, the motion of the Power wiil be a hun- 
dred fold greater than the motion of the weight, as is proved 
by daily experience. 


PROPUS a 


Ariſtotle's Reaſon, why the forces of Powers areaen- 
creaſed by the force of Engines, 1s Examined. 


Riſtotl: is the firſt that we know of that attempted this ; 
we have often read his whole Treatiſe which he wrote 
of Engives, and contels we could never ſufficiently find out the 
univerſal principle of Machines or Engines : For he attempts 
only to give the reaſon of the Bellance, and reduces the Lea- 
ver tO the Ballance, and the other Machines or Engines he cx- 
plicates by the Leaver : We ſhall do two things, Firlt, we ſhall 
examine the Reaſon which he oficrs, as the only true and mott 
likely for the Ballance in the middle. Secondly, we ſhall try 
whether thoſe things which are faid concerning the Ballance, 
may be ſaid of the Leaver, and whether thoſe things that be- 
long to the Leaver, may be eaſily applicd to the other Ma- 
chines, or Engines : For he propoſcs tome wonderful things 
from the Circle, and adds, that rthofe things which are done 
abour the Ballance are to be referred to rhe Circle, and thoſe 
concerning the Leaver to the Ballance, and all other Motions 
concerning Engins he referrs to the Leaver. 

Ariſtotle reaſons thus, Every Power moving to the centre of 
the World is born down by a right line, ard the weight 
thruſts forward, or the weight according to its quantity Con- 
tributes tw ſuch motion ; but when weight is moved in a Bal- 
lance then it is ſuppotcd ro deviate from ſuch rectirude, and 
by deviation it breaks off and retards the motion prelling for- 
ward from ſuch power, and by how much more the motion 
produced by ſuch puwer is retarded, by ſo much more de- 
creaſes the force of that power in order to ſuch motion ; bur 
becauſe that which is neareft the Beam or Cock, is alfo ncareit 
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theretaining principal, ard deviates more from right. motion 3 
thercfore the moving power being applied in a point near the 
Cock, loſes more of its force ; and that which is more diſtant 
from the centre or cock, partakes I:{s of motion ; beſidzs the 
nature of that motion comes nearer to right motion, and there- 
fore its force is leſs hindred to cxercite its power, wherefore 
that weight which is fartheit dittanr from the Centre is eaſily 
moved, and al:hough it be equal to tae other weight weighing 
againſt it, and les diftant from the centre, it will be moved 
more eaſjer, which to make more plain he inſtitutes a geometri- 
cal Demonſtration in this manncr : 

Fig. 8. Let the Iran rod A ÞB be the Ballance, the Beam or 
Cock A, about which, as abour a Centre, the whole rod AB 
is moved ; and let the weight be B which deſcendeth by force 
of its own weight, and defcribes the arch BH; aifo let there be 
another weight C, which while it deicends by its own gravity is 
conſider'd according to the diſpoiition of the Ballance, to de- 
{cribe the arch CDY, lefs than the arch BEH: Suppoſe the 
weight C to deſcend to the point D, and draw the line D E, 
which ler be parallel co the line A B, Suppoſe the weight B to 
deſcend to the point E, ſince the natural motion of heavy things 
is perpendicular, the lines F E, G D meature the natural ino- 
tion of the bodies or weights, or the motion Which is accord- 
ing to their Nature ; But ihe lines CG, FB meaſure the preter-= 
natural motion, to wit, by whole torce they are retracted from 
their lines of Dire&tion, or perpendicular lizcs; butFBis leſs than 
CG; for if equal right lines fall perpendicularly on the Seme-di- 
ameter of unequal Circles, that which 1s 1n the greater circle 
Cuts of the leſſer part becaule the greateſt Circle is lefs crooked: 
Therefore while thoſe two wcizhts have an equal natural mo- 
tion, that which is fartheſt diſtant from the Centre hath leaſt of 
che preternatural motion, theretore the eatter moved, and there- 
fore hath greater force tro move the other, and conſequently 
comes to E ina ſhorter time, than the weight C comes to D. 

Moreover he adds, becauſe the motion of weight is equal 
in each, the motion Which 1s according to nature 1s in it ſelf 
the ſame to preternatural motion, bur it unly then happens when 
in the ſame time that C comes ro D, in the ſame time alſo 
B comes to L ; for then drawing the line I L perpendicular, it 
will beas ILto IB ſo DG ro GC; in the Triangles A G D, 
ALI (by Prop. 4 E!.6.)lois I LtoAlLas GD to AG; and as. 
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ADorACtoAGorAK,foisA Bro AT, therefore by divi- 
fion, it will be as IL co[B, ſto GD to G C: When therefore 
it happens only in the point L, thar the proportion aforeſaid 
is kept while the point C comes to D, the point B will come 
to-L, therefore B is moved more {wittly. Theſe are Ariſtorl:'s 
words, Quam igitur ob cauſam ab eddem potentia celcrins fertur, id 
quod plus a centro diſlat, ex iis que difta ſunt eſt manifeſtum. And 
Queſtion 3d. he ſays, Quoniam autem ab xquali pondere celerius 
movetur eorum, que a centro ſunt ; duo vero pondera quod movet, & 
quod movetur ; quod igitur motum pondus, ad mcvens longitudo pati- 
zur ad longitudinem, ſemper autem quanto ab Hypomoclio diſtabit ma- 
gis tanto facilius movebit. 

Many things are wanting in this Demonſtration, Firſt, be- 
cauſe the weight B is more eaftly moved ; he concludes allo, 
that it hath greater force to move the oppolite weight, but whe- 
ther he hath aſſigned the true cauſc, the comparing of the cauſe 
with the effe&t will ſhew ; which that we may conſider, we ſup- 
poſe the line A Bro be double the diameter A C, therefore G C 
will not be double of the line F B, therefore will not the preter- 
natural mixt motion in the weight C, be double to the preter- 
natural mixt motion in the weight B, and therefore that cauſe 
is not moſt likely and true from whofe Compariſon the propor- 
tion of the effect and caule is not ſhown : For it is certain, that 
the weight of r pound in the point B will be equivalent ro the 
weight of 2 pound placed in the point C or T; Whence we 
deny this concluſion can follow from that antecedent, that the 
weight which is fartheſt diſtant 1s eaſieſt moved, therefore if it 
be diſtant a double diſtance, it will obtain a force doublcy great- 
er; and neither do Mathematicians deduce their conclulions 
after that manner ; although while the diſtance increaſes the 
facility tc motion ſhould increaſe, it doth not fullow that it 
increaſes in the ſame reaſon or proportion : And fo we deny 
the facility to motion of the weight in B to be double, to the 
facility to motion which the weight hath in C; becauſe that 
contrary Which 15 mixt in C is nor double to the contrary which 
is found in B. ; 

Secondly, Ariftctle ſpeaks of the ſwiftneſs of Motion, and 
from the Swiftneſs he concludes to the Power moving, which 
we ſhall ſhew to. be falſe. Ir is certain, that -if two Weights 
ſhould be ſucceſlively in the point B, one of one pound, and 
the other of two; nevertheleſs they will be equally or with 
equal 
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equal velocity moved downwards, if they are of the ſame mar- 
ter and figure, or if there be found ſome difference, it will not 
be in proportion to the weights; Wherefore although we 
ſhould grant the weight B to be moved with a velocity double 
ro C, yet notwithſtanding the force of his reaſoning doth nor 
conclude it to have greater force to move the other. 

Thirdly, what is ſaid in demonſtrating the weight B to be 
moved with a double velocity or {wiftneſs ro C; he either un- 
derſtands while they are joined in the ſame ballance, or he 
underſtands it while they are ſeperate and in two ballances: 
IF he means the firſt, there was no need of ſo much reaſoning, 
neither doth that preternatural mixt motion help any thing. 
But if theſe two weights are Ilookr upon as Seperate, or in 
divers ballances, that we may examine what force they have, 
it is falfs that that which 1s fartheſt diſtant, is moved with 2 
double Swiftneſs. Ariftorle knew not the doctrine of Pendulums, 
for the ſwinging of divers Pendulums are perform'd in equal 
time, to wit, if in the ſame time that the weight B being lett 
tO its own nature comes to L, in the ſame time the weight C 
will come to D, alſo they abſolve each his quadrant in the 
ſame time ; Notwithſtanding if there be two pendulums C and 
B, and the Swinging of the weight B be longer than the ſwing- 
ing of the weight C, ſo thar if the lefler dure 2 minutes, the other 
weight B takes up almoſt 3 minutes in perfeCting its vibration ; 
Whence howſoever he explicates this Demonſtration, he wavers 
in all things, and is far from Mathematical conviction. More- 
over we will ſhew, that although the demonſtration have ſome 
force in that part of the Circle, yet it obtains none in others; 
for in the firſt place let the lines O H, Y K be equal, and draw 
the parallel lines K R, O Þ; Ir is certain, that OP = greater 
than K R, therefore if there be a weight in R and another in 
P. one deſcendsin Y and the other in H, the preternatural 
motion will be more in the weizhr more remote, rotwith- 
tanding in this caſe the weight which is at greater diſtance, 
obrains greater force ; therefore that which hath greater force, 
is not begat from the l-fſer mixture of preternatural motion ; 
which may better be perceived in the points 3 and $S; for it 
the weight 3 move to S, and the weight X to T; ne lines V 
T, SZ meaſure the preternatural motion, and the lines V X, 

Z 3 the natural mction, and the weight X leaſt dittant from the 
centre Or Beam, Will be more moved by the natuial motion than 
: the 
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the weivlt 3, and therefore eaſier, whence it obrains greater 
fOrce. 

Whoſo dilizently conſiders the parts of each quadrant, will 
find this mixture of contrary or preternatural motion ro be 
leſs in the lefler circle than in the greater ; and the reafon is, 
becauſe although towards the Diameter A B the greater Circle 
COmes nearer to a vertical line, yer towards the diameter R H 
ir COMES Nearer to an horizontal line; and ſo much for the firſt 
part of this. Propotition. 

Fig. 9. That which belongs to the ſecond part of the ſame. 
Propoſition, to .wit, although we grant thar, which riftorle 
atſigns for the true cauſe, why in the ballance the weight. moſt 
diſtant from the centre hath greateſt force, to wit, that it hath 
leſs of the contrary or preternarural motion, yet notwithſtand- 
ing we do not find the reafon to be the ſame for the Leawer. 
For the power A, may move Circularly, ſo that it have nothing 
of Preternatural motion, fince the power of an 4nimal is in- 
different to any different place; thercfore ſince it hath no pre- 
(ernatural motion admixt, the force of the greater Circle doth 
nor move eaſier than the lelſer, which notwithftanding is con- 
[rary tO all experience. 

Secondly, that kind of Leaver only in which the Prop or 
Hypomcclion is found between the Power and the Weight, may 
properly be reduced to the Ballance, but the other kinds nor: 
{) properly. 

Thirdly there are divers Machines or Fngins which are dith- 
cult to reduce to the Leaver, and by that means to the B. !laxce ; 
and firſt for the Wedge, We ask whether there be a Frep or 
Hypomeclicn, and to What kind of Leaver 1t 1s reduced ? Whar 
Circle is deſcribed from it * What 1s its preternatural motion 2 
What its natural motion ? Surely there 1s in the Iedze the im- 
preſſion of the weights reſiſtance ro be exerciſed in the parts in 
which the body touches, as in KR; We ask in whit point Is 
the Prop > Where the length of the Leaver, Which it it be in- 
creaſed according to the common rules of the Leaver the Vir- 
tue of the Power will be increaſt ? If *tis faid the point of ir 
is the Prop, we will ſhew 'tis nor, becauſe if the point of the 
edge ſhould be cur off, yer nevertheleſs the Wedge would have 
its whole force; If 'tis faid the line KL is the length of the 
Leaver, tis falſs, becauſe although that length be cut ſhorter, yer. 
zotwithſtanding the virtue of dividing 1s not deminiſht which is 
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in the 7/edge, therefore which way ſoever you turn the Wedge, 
you will {carce reduce it to the Leaver. 

Fourthly, Much leſs do we own the compariſon of the Lea- 
ver in Screws, which may father be reduced ro rhe Wedge; 
for if you own the Axis of the Cylinder, about which the 
ſcrew or ſpire is circumvolved to be the Hypomeclion. The di- 
ſtance of the Spires or Screws from that Axis,will be the diftance 
of the weight from the Hypomeclion, according to which di- 
farce the reſiſting power of the Weight is meaſured, whence it 
follows in the Screw, the Cylinder that is leſs than the other 
pairs, more eaſily overcomes the reſiſtance of Weight, which 
zevertheleſs is falſe: For neither is this the meaſure of the re- 
fiftance of the Weight, or the virtue exiſting in the Screw, bur 
ought to be deduced from other principles, to wit, from the 
compretiſion of the Spires, for when the Spires or Helices 
are more thick or cloſer together, the ſtronger and more pow- 
erful are the Screws; Therefore we muſt ſeek another princi- 
ple of Machines or Enghns more clear and eafie, which bein 
once conſtituted, the power of every Machine or Engine well 
be unfolded, and the proportion of it to the reſiſting force of 
the Weight will be detected. 


"= 


PROPOS. 1. 


Archimedes reaſon Examined. 


Fig. 10. N Rchimedes in his fixth Propoſition, e/£3r:ponderan- 

tium, and many others afterhim, have atrempred 
to eſtabliſh as the chief principle of Machines or Engins, that in 
the Ballance, if the weights and their diſtance from the Centre 
be reciprocal, they contiſt and counterpaiſe cach other. 

In the firſt place, we refers this to be fertled by the reverend 
Father Leotawudns, and whar power his demonſtration may ob- 
tain; ſuppoſe A B to be a Rod «& a like weight in every part, 
and divided in the middle in C, and underitand C to be the 
Centre of Gravity, and CD to be drawn through perpendi- 
cular to it; by the point D draw an iron rod D &, which let 
be {o alize for weight as to conſider it wanting all weight, and 
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I«t D E be greater than the half of C B, and make GD equal 
ro I B, and H K equal to the line A H; when the lines CI and 
IB (equal toH C) are added, HI and CB will be equal, ard 
{ H I will be equal to the half KB, and the remains A H, 
I B together are equal to the other half; and becauſe A H, 
HK ere equal, being taken from the two equal aggregates 
HK, KI, AH, IB, the lines KT, I B will be equal. Lettwo 
Threds or Lines H G, I E hang up the rod A B, ard faſten ir 
ro the rod G E in the poipt D, which anſwers the Centre of 
gravity C, the line from whence 'tis hung up being perpendi- 
cular wirh the line D C, anſwers to the Centre of gravy C ; 
A B will remain equally poiſed, or in Equilibrio, 

The Demonſtration. Let the Rod A B be really divided in the 
point K, that is, ſeperate the Union, or cut it in two. Firſt, 
fince A H, H K are equal, neither will preponderate or out 
weigh the other ; moreover fince KI, I B are equal, neither 
will prevail, wheretore as yet they will remain in Equilibrio ; 
therefore the whole line will remain in the ſame manner as be- 
fere, being hung by the ſame point D, therefore as yer the 
whole line will be in Equilibrio : But fo is the diſtance H C of 
the weight A K trom the Centre, ro CI the diſtar.ce of the 
lefler weight K B from the ſame Centre, as the weight K B to 
the weight AK; forftois AKtoKB, asirshalt HK or CI 
is ro-K I, or H C its equal ; therefore we have this in Equil;- 
brio while the whole weight A K is to the weight K B, as the 
diſtance I C to the diſtance H C reciprocally, which was to be 
demonſtrated. 

We will conſider hereafcer whether this Demonſtration con- 
vinces, and a{tumes nothing as now proved, which norwithſtand- 
ing ſhould be demonſtrated. 

Fig. 11. Archimedes a little after endeavours to prove this ſome- 
what otherwiſe, and he ſuppoſes the Iron Rod to be A B, and 
he ſubſtracts from its gravity thar which 1s hung in the middle 
point G ; he hangs 6 equal weights, here 3 and there 3 at e- 
qual diſtances, *ris clear that they are in Equilibrio, he ſuppo- 
{cth alſo that all theſe weights are alike, and equidiſtant be- 
rween themſelves: Alſo he ſuppoſes any weights to gravitate 
and operate in the ſame manner, as long as they retain the. 
fame common centre of gravity. 

The Demonſtration is clear, in Caſe the weights be diſtribu- 
buted according to the diſpoſition unfolded, before which com- 
mon 
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mon centre of gravity of ail the weights together will be ia G; 
but if you conftder 4 weinhis BCD E whoſe centre of gravi- 
ty w:ll be in the pour 1, ond the centre of gravity of the 
weight FL is in #1; wheretore the weighrs will gravitate in 
the ſame manner, howtoever they are diſpoſed, they keep in a 
manner their centre of gravity in the fame point H ; therefore 
conzoin the weights F and L in toe point H, and ConJolin the 
4 weights BE DE in the point 1, or io about the point 1, thar 
their centre of gravity may bc. tne point I. 

Fig. 11. All theſe weights will gravitate in the ſame man- 
ner in this diſpolition, as in the former; Bur in the former 
they were in Equilipro, therefore 1n this ſecond diſpoſition they 
will be in Equilibro : But in the fecond caſe, ſo is the weight 
BCDE to the weight F L, as the diſtance GH to the diftance 
G I therefore it will be in Equilibre, when as weight is to 
weight, ſo 15 diſtance to diſtance reciprocally. 

Theſe Demonſtrations are ingenious, but they do bur fup- 
poſe thoſe things to be the principles of Engins which is ſought: 
For firſt of all in both Demonſtrations he mentions the centre 
of gravity, but it i5 not known what that centre is, and this 
centre of gravity can hardly be proved, unlefs there be conſti- 
ruted a common principle of Engins ; In the firit, although it 
ſeems clear enough thar the divition being made in the point K, 
the lines A K, KB lie in a direct line, becauſe that buth parts 
AH, HK and KI, IB are equal ; Notwithſtanding ir doth not 
appear to me that they ponderate in the fame manner, the di- 
vition being made as before: For the part CK before the divi- 
ſion, exerciſed its gravity with the other part. K B, and asI 
may ſay, was ſtaid by its parts : But the Union being looſed, it 
exerciſes now 1ts own gravitation, together with the other part 
A C; Whence although ir were before in Equilibrio, it follows 
not that it being ſeperated the Equilibrium remains. 


I ſay the ſame of Archimede's demonſtration, for I cannot grant 
that weights have the fame manner of gravitations they-thotld 
have among themſelves, and the ſame gravitation 4heydhontd 
have reſpectively ro anorher weight, fo often as they change 
not the proper centre of gravity : It in one caſe, one of them 
will be found on one part of the centre, and in the other ir will 
decline to the other part ; tia: 1s, tis doubred whether the 
weight E tranſported in I buing united with other weights B C 
D in 
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D in the ſame point I, hath the ſame force, and not greater, or 
leſſer. | 

And that we may ſhew the Principle ſought, the definition 
of the Centre of gravity is commonly thus given, to wit, 'tis 
the point dividing the hicavy body in two parts of equzl mo- 
ments, but moment is or ſimply the weight of body, bur 
grows together from the weight and diſtance, therefore ro the 
underſtanding of the Centre of gravity the conſtituted principle 
is ſuppoſed, whoſe reafon we fcek; viz, Why weights by rea- 
ſon of their greater diſtance from rhe centre have alfo greater 
force to move. 


PROPOS. 
T he true Reaſon of mcreaſmg power by Engine. 


Fig. 12. One will require of us a ſtrict demonſtration here, 

becauſe we are buſted in phiſick martcr, and we 
inquire the principal of natural and ſenſible motion, which per- 
haps will nor preſently occur ; one thing I muſt fay, that al- 
though I do not effeft the thing, yer by removing things our 
of the way, I ſhall open a door to let into it ; therefore I ſhall 
attempt many methods, thar ſo if one arrive nor at it, I may 
make way for another : Firſt, in the ballance I will endeavour 
ro ſertle that common maxim, while the weights and diſtances 
from the Centre are reciprocal it is in Equilibro; As if in the 
ballance A B the weight A of two pound is to the weight 
B of one pound, as the diftance CB of two feet to the diſtance 
AC of one foot. If from a piece of timber, you hang a bal- 
lance from the point C, to be in Equilibrio, fo that you remove 
it ſo far from the Centre to anſwer the addition that ſhould 
be.made_ to the weight, that is, if the weight of one pound 
hang in the point D, and in A a weight of 2 pound, to make 
them in Equilibro the ſame weight ſhould be added, and” in 
ſtead of the ſame weight you may add the fame diſtance, or fo 
remove it from the Centre that C B be double ro CD; Thus a 
weight of 1 poundbeing placed in B,it will be again in Equilibro, 
experience ſhews this, but the reaſon is to be ſought. : 
Firlt, 
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Firſt, I ſuppoſe any heavy body to refilt a motion upward 
and the greater it js, the greater motion it Wil refit ; fo that 
a greater Violence or force 1s requiicd to move upwards 4 


weight of 1 pomid the fpace of two feet, than to raiſe the ſame 


weight but one foot high, or at leaft ir requires a force to be 
applicd of a longer continuance of time. 

Secoadly, I ſuppoſe while the weight is moved downward, 
the weight on the other part of it may move ſomewhat up- 
ward, fo that it may overcome the 1eſfiſtance which the oppo- 
fire weight hath to motion upward ; alſo while a weight is 
moved more down or lower, it produces a greater Imperus, to- 
gether with that motion which would have bin if the motion 
lad bin Ief5; this laſt part of the ſuppolition ſeems hard, there- 
fore 1 ſill explain it more largly. 

| Suppoſe thirdly fume productive cauſe of motion to be 
given, diſtin& for the moſt part from che principal agent to 
which motion is aſcribed.as in things printed or caſt from one, 
I think in good Ph:/o{cphy it can ſcarcely be denied, ſuch like 
cauſe beſides motion which is fucceſlive, ard no part whereof 
exiſts with the other, and therefore the other cannot be the 
cauſe, for every effective cauſe aCteth not but when it exiſts; 
Therefore while its ation exiſts, it ſelf alfo exiſts, and while 
its ation cxiſts the effect exiſts by ſuch aCtion produced: There- 
fore while any cttect is produced and exiſts, its cauſe exiſts, bur 
while one part of motion exiſts, another part exiſteth not, there- 
fore one part of motion cannot be produced from another, and 
therefore another cauſe of motion ought to be admitted, bur 
this cauſe is not the principal agent ro which motion is 
atcribured, for firſt in things projected, the hand which throws 
the ſtone is not any more Join'd with the ſtone in conveying 
it through the air, and therefore produces nothing further, 
neither can that be attributed ro zir that ſome do, to wit, that 
the hand while it Impels the Stone, impzls likewiſe the conti- 
guous air, and that air other air, untill it make a Circulation, 
and this lit air carrics.tle Stone farther ; but on the contrary, 
in the ſame preciſe Moment and time wherein the Stone joined 
to the hand moves the air quſt before it, ( fince Penetration is 
not - granted ) in the fame time alfo this air moves the follow- 
ing air, and fo conſequemly makes the whole Circulation ar 
the ſame preciſe time, and there 1s found only the priozity of 
dependence ; Suppule the motion ot the Stone to be from the 

point 
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point A to B, and in the ſame preciſe time it makes the whole 
Circulation, and the air which was in E follows in F, neither 
hath ir greater force to farther morion than it hath from the 
St5ne ; from the followirg time I ask whether the motion of 
the air F depends on the motion of the Stone, or the motion 
of the Stone on the motion of the air, it you ſay the firſt, I 
demand again from whence the Stone is moved, if the ſecond, 
I ask from whence the air is moved, for the paſt morion of 
the ſtone cannot be the cauſe of motion of the preſent air, 
therefore it is necellary ro ſay ſomething 1s added to the Srone 
from whence it is carried through the air, and this I call Iperus, 
or force, whatſoever ir be. | 

Moreover I will ſhew, Impetys beinz granced, viz. While 
a body deſcends it ſeems to me a reaſon to be alledged, why 
in the firſt ſpace of time the body deſcends one foot, in the 
ſecond three, in the third five, in the fourth ſeven, and fo on, 
unleſs the continual produ&tion of ſome Imperus be admitted, 
which is the immediate productive cauſe of motion, which 
Impetus is permanent and may be increaſcd. 

Alto it follows, that a ſecond Tmpetus is not produced, un- 
leſs the firſt hath and produces ſome motion, let two weights 
be ſuſpended in the air, each produces ſome Impetrs in it ſelf, 
and alſo in the body which they hang on, let one weight be 
moved by the ſpace of three inſtantes, or moments, [> that 
afrer that third inſtanr it hath an Trpeir's as three, let down 
the ſecond weight in the begining of the fuurth Inſtant, where- 
fore it hath nor the Impetus as three as-the ocaer weight ; be- 
cauſe ( you'l ſay) it remains unmoved, and the other is mov- 
ed: therefore motion is the condition ro the producing a 
farther Impetrs, at leaſt ſuch motion whoſe Impetus is accord- 
ing to nature. 

Which I ſhall likewife make good from other experiments : 
Firſt, why while I drive a nail with a hammer of a longer 
handle I produce a ſtronger blow, or frroak, in like manner, 
if I lift the arm and the hammer higher, fo thar it deſcribes a 
greater Circle, the ſtroak is made more valid and ſtrong ; no 
other reaſon can be given, bur that by the greater motion 
( whether as the condition, or as the cauſe, it matters not ) a 
ttronger Impetus is produced, fo that the power unlets it he 
moved, never produces in the begining of its motion ſuch 
Impetus in the nail, how great ſocver the endeavour be, as it 
produces 
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produces while it -hath fome motion ; ſo rhar if ro men preſs 
with their weight upon a nail ir doth not enter the wood 10 
well, as if it be drove with an haminer by one man. 

While any one runs a pace, if his feet be ftopt he cannot 
chuſe bur fall ; and fo a horfe on fiij fpeed can fearce be held 
in, whence they lift up their fore fcer, as it were a contrary 
motion to aſwage every concieved 'mperirs; While a boar 15 
carried with a great Impurus, and is ſuddenly ftopt ar the ſhoar, 
21l thar are in the boar are moved, becauſe now the concieved 
Impetus 1s conveyed farther they bend torward being ſtopr. 

And 1 ſhall ſhew that a weight of one pound placed a little 
farther from the Centre than another weight, of one paund, 
will raiſe it up ; ſuppoſe rwo weights eual each to one pound, 
ſo placed in a ballance that one is double the diſtance of the 
other from the Centre; whence I thus arc. 

The weight of 1 pound whik it moves downward » feet, 
"may over come the retiſtance which a weight of ore pound 
hath to motion upwards one foot : therefore it they are ſo fir- 
ted in the ballance, that while one is deprelied > feer, the 0- 


ther is only raiſed 1 foot, it raiſes that upward ; The antece- 


dent is proved, while the weight of one pound is moved 
downwards 2 feer, its aCtive force or Imperus which it puts 


forth rogether with fuch motion, is precitely equal ro that 


reſiſtance which the oppoſite- and equal weight hath ro motion 
upwards two feer, but the reliſtance to motion upwards one 
foor is leſs than to motion upwards two feet; therefore 
while one pound weight is moved downwards 2 feet, the o- 
ther pound weight may be moved upward one foor; But when 
iwo equal weights are ſo placed in a ballarce, that one is 
doubly diftant from the Centre to the other, it alſo effe&s a 
double ſpace to thar which its oppotitc effects ; therefore we have 
one reaſon now, why between equal weights that which is far- 
theſt diſtant from the Centre is depretled, and raifes up its 
oppoſite weight, which may be alſo proved in this manner 
when two unequal weights are equally diſtant trom the Cen> 
ire the greater raiſes the leiſer, becauſe the parts of motion 
downwards are more than thoſe upwards, and in like manner 
when equal weights are {2 placid in a ballarice, that ore is 


farther diſtant from the Centre than other, the parts of moti- 


on downwards will be morc in one than the parts of motion 
D up- 


upwards, are in the: other ( or its oppoſite) therefore the 
weight which is fartheſt diſtavr- from the Centre will raiſe the 
other oppoſite being equal to its ſelf. 

The motion upwards of heavy things is againſt nature, and 


but how much that is which 1s againft nature, ſo much is the 
refiftance to that ; and how much that is which is agreeable ro 
nature, fo much is its inclination and active force to overcome 
the oppoſite reſiſtance ; therefore where there 1s a greater moti- 
on downwards than the motion. upwards, the active force of 
refifting will overcome. | 

The ſecond reaſon is; a greater Impetus 1s required to move 
the ſame weight a greater {pace than a leſs, whether the whole 
[mpetus be produced together, as happens in things projected 
or thrown ; or ſucceſlively,as when a weight is drawn. 

Alfo a greater Impetus is required to move a greater weight 
ſome ſpace, than to move a lets weight the ſame ſpace ; whence I 
thus argue,an Imfetus which is required. to move a weight of two 
pourd one foor, is double to the petus which is required to 
move one pound one foot; Eut the Imretus which 1s required 
to move one pound, two feet, 1s in like manner double ro that 
which is required to move one pound one foot; therefore the 7, 
petus Whichis ak ro move two pounds one foor, is equal to 
the Inperusnecelſary tro move one pound two feet.for thoſe fime 
things which are doubled are cqual among themlclves: Eur 
when two weights are ſo placed in a ballance that the weight 
of two pourd 1s diſtant from the centre one foot, ard the 
weight of 1 pound is diſtant two feet ; while the weight of 
1 pound is moved downwards two feet, the weight of rwo 
pound is elevated one foot; and one pourd weight as moving 
downwards two feet is in Egquilivrio with one pourd moving 
upwards two feet: Therefore one pound moving 2 feer, will 
be in Equilitrio with 2 pourd moving upward 1 toot. 

And that we may render the fame reaſon more univerſal, 
and that we way apply it not only to weights and ballances, 
bur that we may extend It 09 all Engins in general: Suppoſe as 
before, by how much more the power 15 that i3 moved, by ſo 
much the greater ard ſtronger 15 the Impetys produced ; there- 
tore if a power while it 6 moved 1 four Can move 1909 pound 
x fact ; while the fame purer i moved Iwo ict ih Will muve 
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the violent motion of them downwards is agreeable to nature; 
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200 pound 1 foot ; to clear which poiar, ſuppoſe for explica- 
-tion fake a certain opinion rejected by moſt Philoſophers, to wit, 
that time increaſes or pum trom indivitble Inſtants ſucceed- 
ing each other; ſuppoſe likewiſe that which neceſſarily follows 
from ſuch an opinion, to wit, the ſlowneſs of motion is polited 
in more or leſs little .Staiecs of reſt, which opinion I do not pro- 
poſe that in ic I may found my reaſon, but only that I may 
thun that confuſion which the common ſentence begets, con- 
cerning the continued compotition from parts infinitely di- 
viſible ; for when they treat of this infinity, *tis no wonder if 
they mix obſcurity and darkneſs rogether; Therefore ſappoſe 
a power which while it is moved one peirt may move 109 
pound one point, and being fitted in an Ergiz {0 that while the 
power is moved two points, the weight is moved only one point. 

In ſuch a ſuppoſition, the power will be moved the ſpice of 
one point, the weight all the while no ways reſiſting tluch a 
motion, becauſe the weight as yer is 2t reſt, but when the 
power is moved to the ſecond point, it hath a-double Imperns, 
viz. the Impetus produced in the mean time while it is moved 
through thoſe rwo points, but a double Þzpitus moves a duuble 
weight; therefore the power which 1s moved two points will 
move a double weight one point, if it be fo fitted in an Engiz 
that neceſſarily its motion ought to be double to that which 
follows in the weight. 

And although this opinion Concerning continuals ſhouldnort 
be true, and the power ſhould never be moved bur the weighr 
thould be moved although ſlowly ; nevertheleſs fince a power 
CXerts a greater Impetus When it is molt maved ; as oftea as the 
motion is greater in it than in the weight, 1ſ0.often the Im- 
petus Will be greater in it, than if it had bin moved equally 
with the weight; bur a greater pes Can OVercome a greater 
weight, theretore a greater motion of a power compared 
with a Tefſer motion of a weight Can allo overcome a greater 
Wwetgit. 

To make it clearer, Suppoſe, to move a weight of 109 
pound 'one foot, an Impetiro be required as 4, which the 
power A may produce, and as I may to fay, to litt it up while 
it 15 moved one foot ; there will be required to move a weight 
of 200 pound one foot,an Impetus as 8, but an [wperus as d 15 Pro- 
duced from a power if ir be moved 2 tcet; For more Impfetws is 
produced from a power while *tis moved two feet than while 
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"tis moved one foot, therefore that principle remains, viz. 


The Power as moved 2 feet effects the ſame, as two powers 
which are moved only 1 foot; and we muſt nor think Imperrs. 
to be fo fluent of nature, as not to maintain and as it were. 
heap together, that is, if the power be moved for ſome time. 


it ſhould not increaſ?, alſo its intenſive Impetus is not reſiſted 
by ſuch impetus; in like manner, a weight is not ſuppoſed ſo 


to reſiſt a Ieiſkr motion, as a greater ; whence if a power be 


{9 compared with a welglir, that while it 1s moved 1 foor the 
weight is neceſſarily moved the ſame, and the refiſtance of the 
weight is greater as moving one foot. than the Dperes which 
is produced from the power being moved 1 foot, ro motion 
follows; but if an Eng:» thus diſtributes the fame Imperas, that 


the whole be Imployed in moving the ſame weight half a foor- 


1-will make ſome motion. 

Nevertheleſs becauſe this thing is of fo great moment, and 
contains the moſt univerſal Principte .in nature, therefore "cs 
wor:h our while to proſecute the thing a little farther, :nd to 
apply it in every part that it may appear more plainly. 


I ſuppoſe firſt, that "ris equivalently the fame thing to apply 


1 motive power as one, ſtccchvely ro move a Þcdy, ſuppoſe the 
fpace of 5 feet, ſo that ir move in the firſt time the ſpace of 
t tout, moreover the fame power moveth in the ſecond time 
by another, ard fo on, and ro apply five moving Powers 
Succcifively as one ; of which.to wit, the firſt moves in the fir, 
time 1 foot, the ſecond in the ſecond time followii:s, the 
third by the third, and fo on; for the movirg power as one 
if it be applicd ro the fecond time, may as well move a- 
wither allo like it {elf therefore the ſame will be Equivalent 
vherher the fame motion Continue, or another like to it be 
Subſtituted, 

Seuondly I ſuppoſe ro move or ſuſtain a budy, ro be the 
fame, 25 to apply five powers each of which is a power as 1, 
and ro 2pply i fo that it may be a power as 3, as if in one 
ballance vou put a body of Gold of one foor, the fame will 
out weigh 5 'bodies of each rx foor of another matter, which 
i5 five times lighter than Gold, for neither hath the moving 
virtue in it {cIf, as the firſt quality ; for if 5 heats or warm 


things are put as 1, they Can never be produced in the Subject 


Hut as one hcat : Bur and if 2 Powcaors are ſutfcient to move 
each of them a weight of 100 pound, If they are joyn'd and 
CONC. 
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concur togerker they will overcome or move a weight of 
200 Pounds; This rule is common in all Equivocel Agents, 
{9 if the powers of two candles in ſome determinate place, 
each of them produces 1 degree of light acting together in the. 
fame place they produce a greater degree of lighr; fo while the. 
gun in an Eclipſe is hid in fome paits, the light Shincth more: 
weakly, therefore in theſe cafcs cxtenfion begets intenfion,or 
is Cquivalent to It. 

Srppoſe two men move unc<qgiually, to wit, wich a double 
velocity one to the other ; wizar is 1n one that is not in the 
other; And- firſt it is certain that the motion of the 01e 35 
always double to the other, fo that while one is moved on 
toor, the other only moves halt a foot; and. while the firſt 
pail-s over half a foor, the other patles over a quarter of a 
toot; and in whatſoever time atlignable, the parts of motion 
in the one are more thaa in the other, whence 't15 Certain in 
the ſecond place, if the motion of the power confers to this 
that it move the oppoſite weight, while the power hath greater 
motion it produces a greater [fetus in the oppolite weight, 
irom whence the argument may be formed. 

A power advances its force by motion, ihcrefore while 'tis 
moved with a double velocity, 'us equivalent to a double force, 
but a double virtue or force can move a weight doubly greater, , 
or as great 4gain, therefore 2 power moved with a double ve- 
locity can move a weight doubly greater; the firſt” Antecedent 
is Ccrtain,” for a power however it be applied will not move 
unlefs it be moved, whether 1c mation Þ< the condition to this 
that moves, Or whether the motion it f{cif be the immediate 
Caule of motion,it matters not ; neither 15 there need to examin 
theſe things, ſince divers explicotions ailie from divers phiſical 
principles: For ſome acknowiedgze no motion which rakes 
not its rife from Imperus or force, ard cortequently to produce 
a greater motion in a power, they require a more [tronger 193- 
petus; therefore it a power be moved with a velocity double 
co the weight, it produces in {perus doubly ſtronger to that 
which it would have had it it had bin moved equally with the 
weight: Bur if it be moved equaity with the weight, the TIm- 
petus Which is produced in it {clt ſhould be {uthcient to move 
100 pound ſuch a ſpace; therefore if it be moved with a 
double velocity it will move 2co pound the fame ſpace; being; 
explained, we'll Suppoſe a tree Puwer io impel Iightly fore : 
Welgir, 


CY 
Ly 
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weight, ſo thit by the force of its impreſſion 1715 not moved, 
'j3t will uſe a greater endeavour ard art length moves it. I ask 
whar makes that greater endeavour unlels a more ſtr19nger Im- 


pets be produced ( ſuppoſing always that ſuch Impetus 5s grant- 
cd) bur if the power it {cl# be moved more {wiftly, it pro- 
duces a greater Impetus : Therefore by the greater motion of a 
power is adhibited that which 15 necellary, that a weight may 
be moved doubly greater ( Or as great again ) each Part 15 
proved, to wit, while any body 15 moved more {wittly a 
ſtronger Impetus is produced ; or me intenſe motion being 
Secluded what way ſoever from Twpetus, the ſucceſlion of ſo 
much local motion is agreeable with intenſto +; For the velocity 
of motion is ſome peric&tion which carnor be explicrcd, be- 
cauſe of -the ſucceilion of motion, ard the infinite divifibilicy 
of time. Notwithſtanding in each opinion, velocity or $wift- 
neſs is ſaid to be ſome perte&ion of motion : For ſuppoſe in 
Fig. 14 ſome mction in Angles, in as much as fome think them 
indiviiible, let ABCD a potent angle -1n one inftant alto 
indivitiible be ſo moved, that leaving the former ſpace A BCD 
it polſcſkes the next following CDEF, Suppoſe- another angle 
or as ſome call it, a Phytical poirt GHKI be ſo moved: in 
the ſame indivithble inftant, that Icaving the former-ſpace G H 
K I it pollefles the {pace L MON, Surcly the former motion 15 
a more pertke& motion than the ſccond, ard theretore if there 
be required an Imprtres tO motion, therc is re.juired a more 
ſtronger ro cc the firſt motion than the ſecond : But if ny 
Impetus 'be required, but inymediately motion be produced 
from the power, there is requircd a far ſtronger endeavour to 
obtain the tormer than the latter ; Wherefore to conclude the 
greater endeavour ofPower moveth a greater wcight than alefler 
but a greater endeavour of power is advanced while 'tis moved 
ſwiftly than while ſlowly, therefore while a power is moved 
{wiftly, it alſo moves a greater weight. 

Alſo the firſt conſequent 1s plain, to wit, ( while a power 
is moved with a double velocity 'tis equivalent to a double 
power ) for ſure it is, while any power adhibits or uſes an en- 
deavour doubly greater, 'tis equivalent to two powers each ad- 
hibitring or uſing an endeavour doubly leſſer. So one horſe if 
he endeavours much, may draw a determined weight, which 
he may draw twice as wt and without ſo great endeavour,if 
-another horſe be joined with him to alliſt, Wherefore if it be 
moved 
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morea more ſwiftly it will be equivalent in order to move a 
weight ot 2 greater force, ali hough ſomtiwes the weight doth 
not increaſe its motion ; for if the motion of the power be in- 
creaſed,the motion of the weig ht is cqually increaſt. A power 
moved more {wift will indeed be equivalent to a greater, bur 
all that perfection which happerss to it from motion relates to 
the making the motion of the weight greater, for a weight of 
a greater motion rehifteth more, therefore in motion theſe two 
are always taken for the ſame, to wit, to move a greater 
weight to a leſs ſpace, and a leis weight to a greater ſpace; 
for as to move a greater weight a greater endeavour is required, 
ſo tro move a weight to a greater ſpace, 2 greater endeavour is 
alto required, The whole artihce of Engins then conſiſts in 
comparing the greatcr motion of the Power with the lefler 
motion of the weight, and according to the proportion of ex- 
ceſs the Force of the Powers are increaſt ; becauſe powers in- 
creaſe not their force bur by motion, and therefore motion. 
doubly ſwifter, produces Impctus doubly greater, 


. 


ty —— 


PROFUS 


Moveable bodies are equal I, force whoſe Magmntudes: 


and Velictties are receprocal. 


T is Ceriain, that tne fame body moved with unequal ſwift-- 
neſs, will have unequal force; ali» a ceater body moved 
with the ſame ſwiftncſs as a liter, will have. greater force ; and 
we fee likewiſe in Engins that weights may be ſo diſpoſed 
from one place to another, that the mution which 15 made from 
one hath the ſame proportion to the motion of ar.other ; and. 
alſo that weight to weight is made reciprocally in Equil/hro, 
fo that the double celerity or {wittnels of one pound, will be 
equivalent to the Subduple celerity of two pounds ; We may 
alto transfer the ſame . principle ro other moveable bodies, al-- 
though they are ar liberty, that i5 ror buirg diſpoſed in any. 
Engin :* For it hath not Ic force waen 7 1s tree ard looked: 
rum Machines Or Enzines thats WEE It 15 aiined to fome Body, 
bur: 
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but r pound with the velycity-as >, is cquiralent ro 2 pounds 
having the velocity as one : Ther fore alfo without an Ergin, a 
tnoveabie body as 1 with a velocity as 2, will effect the ſame as 
2 moveable body as rwo with 2 velocity a5 1. The rein 35, 
becauſe the motion os degree of velocity is the fame jn buth, in 
a greater body they arc tewer in cach pars; in a lelter more. 
Neither is there any other reaſon, why while they are joined 
in Eygins they are of equal force,ard one extenſion compenſates 
another, and withour an Ezgiz the fame will not happen. 

Whettore the moments or forces of equal bodics, or the 
parts moved are to one another, as their velocities ; and equal 
velocity, as the magnitude of bodies; for commonly, moment 
and force, and parts moved, fignitic the fame, except ſometimes 
moment likewiſe is attributed to bedies ir reſt, which have 
notwithſtanding an aptitude 19 motion, wherefore what we 
thall ſay concerning moments may be ſaid of torces. 

If 2 unequal moved bodics be compared, thcir force or 
moved parts will be in proportion compounded of the proper- 
tions of the bodies, and of their velocitics, becauſe every part 
of a body is ſuppoſed tro be moved with the ſame velocity, 
or degree of force ; whence it happens, if the motion of one 
body be communicated to another equally, the velocity will be 
equal, if the velocities of the greater and the magnitudes of 
the bodies be reciprocal. 

Whence we conclude,if a moved body runs againſt another 
body at reſt all 1eflexion being cxcluded, to wir, if caci: body 
be ſoft, they proceed rogether, and the velocity of the former 
will be ro the velocity of the aggregate of the whole, 5 rl:c 
whole aggregate to the firſt movent reciprocallv ; For firice in 
rhe former there are ſo many degrees or parts of motion, and 
cach of its parts are diſtributed in the aggregate ; to gct the 
velocity of the firſt moyent, rhe quantity of motion which is 
always the fame muſt te divided by the number of parts of the 
aggregate; Therefore the ſame number of parts of morion is 
generated from the aggrega'e ; in its velocity, as from the firſt 
movent in its velocity. Therefore if you diſpoſe the aggre- 
gate, the firſt movent, the velocicy of the firſt movenr, and 
che velocity of the aggregate, fince the reQtangle of the. firſt 
and the laſt is equal to the reEangle made of the 2 mcans : 


{o will the aggregate be tothe firſt movent, as the velociy of 


the frit movent to the velocity of the aggregate, 
V'e 
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We muſt reaſon after the ſame manner in other caſes which 
may happen; as if there be rwo equal movents)or bodies mov- 
ed) which are born in the ſamepart,one hath the velocity as 4, 
rhe other as 8, and the more Swift incurs or meets in the leſs 
Swift; I fay after the meeting, the velocity of the Aggregate 
isas 6 ; for ſince the Bodies are equal, che parts moved will 
be as the velocities 8 and 4; wherefore the' motion in them 
will be as 12: bur after the meeting the parts moved oughr 
to be the ſame ſo many, therefore the motion in the Whole 
aggregate will be as 12, and in each body as 6; therefore the 
velocity of the leaſt, before their meeting was 4, and after- 
wards 6 ; and Of the greater 3 and after mecting bur 6. 

Thirdly, if two equal bodies with equal velocities meet each 
other, excluding all reflexion, they will reſt, becauſe theſe 
yelocities meeting one another, deſtroy each other, as when 
you put eontrary qualities in the ſame SubjeR. 

Fourthly, if 2 unequal bodies, ſuppoſe 2 globes one of one 
pound weight and the other of 2 pound, meer each other di- 
rely with equal velocities, ſuppoſe as 4, the Aggregate fol- 
lows the direction of the greater, and the velocity will be as 
c £, for the quantity of motion in the greater is as 8, in the 
leffer as 4, While they meet each other tne motion of the lefs as 
4 detraCts ſo much from the grearer, therefore the quantity 
of motion remaining is as 4, to be divided by 3 pounds, there 
will be in each pound, one degree and +. 

Fifthly, if rwo equal bodies with unequal velocities meer 
each other, ſuppoſe one hath velocity as 2 the other as 4; after 
meeting, Secluding refletion, the quantity of motion remain- 
ing Will be as 2, each being divided, and therefare the aggre- 
gate will be moved as 1. 

Sixthly,Suppoſe two unequal bodies one whereof is one pound, 
and is moved witha velocity as 3: and the other is 2 pound,and 
hath a velocity as 4 ; the quantity of motion in the tirſt is 3, In 
che ſecond 10, for when they meet, the leſſer quantity deſtroys 
O many degrees of r'other as it cont-ins it ſelf, therefore, thee 
remains 7 to be divided by 3 pound : Wherefore in the whole 
aggregate there will be 2 degrees and + of velocity. 

Fig. 15. If 2 unequal Bodies be placed in two equal 
Branches or Arms of a Beam ( as a pair of Scales) I ſay the 
velocity ot the greater only will be to the velocity of the aggre- 
gare, as the aggregate ro the greater weight, Suppole a 

E weight 
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weight of two pounds, which if it be moved alone from A in 
B with a velocity as 4. Pur on the other part a moveable body 
as 1,which ſuppoſe to move downwards with the ſame velocity : 
And theſe weights being compared as two meeting each other 
with equal velocity, wherefore fince the quantity of metion 
in the greater is 8 degrees, and in the ſecond 4, and: fuppoſing 
them , contrary to. each other ; the motion in the aggregate- 
remaining is as 4 to be divided by 3; the velocity therefore in. 


cach will be as 1 5. 7 


if there ſhould be 2 equal Penduſums placed.in two unequal. 


Branches, the manner of reaſoning will be the ſame. Suppoſe, 


then the.weights A. and C:to be equal, but the diſtance AD to- 
>e double the diſtance DC; in ſuch diſpoſition the velocity of 
the weight A will be double the velocity of the weight C, 
wherefore the quantity of motion in A will be double: Sup- 
poſe the motion in A as 8, in Cas 4, which motion ſince 'tis 
contrary deſtroys from the motion of the weight A, 4 parts, 
therefore there remains 4 parts to be divided, 1o that that of 
the weight A have 2 parts, and that of the weight C, 1 part, 
Therefore there are in A 2 parts and 4; and in C rt part and +, 
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PROPOS. VI. 


Concerning the Proportion of wezghts, on the ends of the 
Arms of a Ballance, Varwuſly placed from the 
Horizontal lne. 


5g. 16 THe proportion of a weight in C to the ſame weight 
in F, will be as the whole Arm BC, to its part 

Ru, being pi.ced berween the Centre and the line of inclina- 
ton F « MM, which the weight freely makes from the extream F 
towards thc Centre of the world. For the better underſtand- 
irg whereci, fuppolc on the other Arm of the ballance B D, 
aad in the cxtream D, a weight placed being leſs in weight 
than, as Bu pirt of BC which is leſs than BD, It is clear 
£om the 6 Prop::tition of the 1 book of Archimedes of weights, 
that if in the point # you place the ſame weight C, the bal- 
| | lance 


UMI 


+ 


| 
| 


Book 1. Mechamck Powers. i27 
lance will little or nothing be moved from the Horizontal poſi- 
tion. Bur if _the weight F equal ro C be placed in the extream 
F of the arm B F; it is the ſame as if it be placed in « of the 
Horizontal line B«: To the better underſtanding whereof, 
Imagin a perpendicular thred F «, and in its extream 7, tlic 
weightto hang which was at F, whence it clearlv appears thar 
it begers the ſame etfect as when it was in F; which as I {aid bu: 
now remaining fixc inthe point « of the arm B x, it is fo much 
lighter than when it was in C, as « B is leſs than B C. Ifoy tt:« 
ſame,if the arm be pothted in e B, which we may catily try if w£ 
hang thred from « of the arm B C perpendicular to edn-Which ex- 
trcam hang a weight equal to the weight C and at libercy fron: 
« of the Arm Be, whence the ballance will remain Horiznta!, 
Bur if the arm Be be joyned in fuch fire with the Hmrizonts: 
BD, and the weight C be hung in « freely from a thred, u; 
will neither aſcend nor defcend, which is only becauſe it is 
hung by a thred, which hangs as much from #, as that which 1s 
hanged freely from e of the arm Be; and this procecds froin 
'this, becauſe it partly hangs from the Centre B : And ir the 
Arm or Beam ſhould be in the fire B Q, the whole weight 
would remain hung in the Centre B, even as in the lite EA 
the whole prefles ro the ſaid Centre. Whence it comes to pats, 
that in this manner a weight is more or leſs heavy, by how 
much *tis hung Farther from or nearer to the Centre ; and this 
is the only Cauſe whereby one and the ſame weight in one, and 
the ſame mean becomes heavier or lighter. And although I call 
the ſide BC Horizontal, ſuppoting it to make a right angle 
with CO, whence the angle C'BQ becomes leſs chan a righr 
angle, by the quantity of an angle equal ro that which is made 
by C O and BQ in the Centre. of the Elementary region, yet 
this hinders nothing ſince the faid angle is but of infenſible 
Magnitude : From the fame reafons we may conclude, that if 
the point u be equally in the middle berween the Centre B 
and the extream. C ; the weight 'F or M will hang or incline 
according to the halfof the ſaid Centre B: And if the ſaid u be 
nearer to B than ro the point C, ir will hang from it or incline 
tO it more than the half; and if more rowards C, it will bc 
lets than ha'f. | 
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PROPOS. VIL 


How to know what quantity any wet ght or moving power 
hath m reſpets to another quantity, by Perpendiculars 
drawn from the Centre of the Ballance or beam to 

the line of Inclination. 


Fig. 17.F7Rom what has. bin faid 'tis eaſy to underſtand, that 
F the quantity B u which is almoſt perpendicular from 

the centre B in the 16 Fig. to the line of Inclination F », is 
that which hath led us-into the knowledge of the quantity of 
the force of F in this. ſite or poſition, to wit, the jine F u mak- 
Ing with the arm F B an acute angle BF «: Nevertheleſs for the 
berrer underſtanding whereof we will imagin in Fig. 17. the 
beam bo @ fixt in the Centre o at whoſe ends.or extreams. 
there is fixt or hung two weights, or two moving powers or 
forces e. and'c,, yer {o.that the line of inclination e that is 6 e 
make a right angle with eb in the point b; and the line of 
inclinarion c that. is 4.c makes an acute angle or an obtuſe 
with 04 in the point a. Imagin then the line o t perpendicu- 
har to.the line. of inclination c a, whence o 7 will be leſs than 
o a by-the 18 Prop of 1 El. of Eudid: Moreover imagine o 4 
to: be cur in the point:z, ſo that o# be equal to o 7, and in the 
oint. ; hang a. weight equal to c, whoſe inclmation make it a 
tne- parallel to. the line-of Inclination of the weight e, ſuppo- 
fing nevertheleſs the weight or power c to be greater than e,in 
fach proportion as 4 o is greater than oz; without doubt by the 
6th. Prop. of the 1ſt. Book. of Archimedes. de equiponderantibns, b o i 
will not be moved:from its ſite, but-if in-ſtead-of 6 3 we imagine 
e. *-made one with o b, and: the power attrafted by the line-ve: 
c. in like manner alſo will touch as bor according to 
common reafon the ſite is.not- moved; therefore that which 
was. propoſed is done, alfo, hence we may eaſily note, how 
auch. vigor and force of. weight or power c at a right angle 
with:o a loſes, drawing lefs: Hence alſo follows this Corolary, 
that by how much nearer the centre a of the ballance is to the 
Centre 
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centre of the elementary region, by ſo much alſo ir will b 
ligfter. 


Q 


PROPOS. VIUIL. 


From the two laſt Propoſitions all the cauſes of Ball ances 


and Leavers depend. F 7. 18, 


TY? force of any arm of a ballance or Leaver that is long, 
is greater than a ſhorter,from the Preceeding propoſitions, 
that is, a weight placed on the end of the greater or longer 
arm, preſſes or endeavours more as it hangs more or l:fs from 
the Centre. | 

Wherefore Ballances or Leavers are not purely Mathematick 
lines, but natural, and hence bodies exiſt conjoined with mater ; 
now lets imagin » 5 tobe aſuperficies which according ro lengrh- 
Cuts the Axis of a Ballance ; and we will ſuppoſe its Centre 
firſt in ;, and the greater arm to be is, and the lefler i n, and. 
the Vertical line 7 o, which let be fo much as is the thickneſs. 
of the Ballance from the upper to the lower fide; for the berter 
underſtanding whereof cava 15 4 Parallelogram, and put 
rwo equal weights on the ends of the arms, experience teaches 
that the weight at «s, is of more force than the weight at » x, 
and we would know the cauſe of this effect. 

We have already ſaid that Ballances or Leavers are of matter, 
and » 5 the medium of its ſuperticies, ſuppoſe now 3 to be the 
Centre, which ſtaies the ſaid Ballance or Leawer; let « s and: 
nx be the lines of inclination of the weights, and we will im- 
agin that the ſaid weights hang from the points « and », as 
indeed they do, alchough they ſhould hang from 5 and x, be- 
cauſe the point « and the point » are ſo conjoined with s and' 
», that he that draws one, draws the other alſo: Likewiſe 
we'el imagin the two lines z«, i», and.ie which i e makes 
the angle oi e equal to the angle oz»; Hence it appears clearly 
if we hangthe weight « ( which is equal to the weight » ) at e, 
that hath plainly che fame force as the weight » hath, and. 


the Beam or Ballanse will neither move up nor down, becauſe 
both 


. : 
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both weights equally lean to the centre z, by the middle lines e # 
and » ;, but the ſaid weight being placed in «, the lines i by 
which the weight preſles ro the Centre, is more Horizontal 
than ez, and the line of inclination « s is more diſtant from 
the Centre 7 than the line ez; whence the weight in this man- 
ner being allo more free from the Centre z, reſults and is more 
ponderous than when it was in e, for the reaſons mentioned 
ia the rwo precedent propoſitions, and for this cauſe weighs 
up the weight placed in ». But if the Centre were in o and 
we imagin two lines os and ox, and ſuppoſe the weights 
placed in s and x, whence the line os will be more Horizontal 
than the line o x, and the line of inclination #« s will be more 
diſtant from the centre o than the line e r, its weight will alfo 
be heavier, becauſe ir hangs ſo much farther from the Centre 
o, and by reaſoning as aforeſaid we find the ſame etfeC ro be 
true : In Ballances rightly and properly fo called x ;5 or » o« 
may be Horie,onta!, but in all kinds of Leawers this only is faid 
by a certain fimilitude; we may contemplate the fame by 
ſuppoting the Centre in the midle berween o and z, which any 
one may eaſily do of himſelf without any other help. 
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Leaver is Commonly a piece of a Fir-pole, or other 
Timber, abour 6 feet in length, which we uſe either 
to raiſe or move heavy bodies, ſuch as Timber or 
Stone, or any body of metal,or ſuch like; wherein three points 
are aſſigned, firſt the power of the movent zly; Of the weighrt 
to be moved; 3ly, The prop, to which the Leaver is 
annext, as to a Centre, deſcribing two arches with a double 
motion. 
| 2. Hence becauſe theſe 3 points may be diſpoſed three ways 
in this length, they produce 3 kinds of Leavers. Firſt a Leaver 
of the firſt kind is. that wherein the prop polktles the 
middle place, and the power and the weight poſleſs the two 
ends,or extreams of the Leaver, as it the Power be inA, the Prop 
in B, and the weight in C. 

Fig. 19. A Leaver of the ſecond kind is that wherein the 
weight is placed in the midle, and the power and theProp at the 
ends. 

A Leaver of the third kind hath the power placed in the. 
midle and the weight and the Prop atthe rwo ends. 

Before I enter on the Propoſitions, I ſhall premiſe ſome things 
worthy our animadverſion. 

Fig, 


& , 
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Fig. 20. Suppoſe the Leaverto beos, u, x, whoſe Prop ( or 
Hypemeclicn ) is 19 the point 0, and the weight in the point », 
'ti3 Clear that when you would raife it, it behoves alſo by the 
helo of the hands to raiſe «; now we mult conſider how the 
weight » endeavours towards «, and tor this Cauſe we will im- 
agin rhe right lines no, 94, ne, nt, and »#, of which »z, is 
placed towards the Centre of the world, and » + makes an 
angle i» rt equal to the angle ino: Now placing ſome power 
in 7 having equ#l inclination to the upper, as » has to the lower 
( ſerting aſide the gravity of the Leaver ) this power ( ac- 
cording to co.nmon reaſon ) will ſuſtain the whole weight 
of the ſaid z, ard if the weight » were in x direaly over o, 
the whole weight would be upon the Prop, and ſo much force 
Or Power of the Prop will {ſuffice oy relſt for {uſtaining, AS 1s 
the gravity of the weight; bur putting it again in » 'tis clear 
that if ancther power be nor oppofed from the neither ro the 
uvper part of the Leaver, the Prop notwithſtanding being ex- 
cepred, it will bchove the power of ſome part of the weight = 
(withour confderation as aforeſaid of the weight of the Leaver's 
matter or ſubſtance ) that the Leaver be depreſſed from the part, 
s,z, ard ſome one part of the weight », becauſe other part of 
the Came weight endeavours it ſelf to the Prop o, by means of 
the lic ov which makes not right angles with ox. But if from 
the poir:t : this kind of reſiſtance oppoſe it ſelf that the Leawer 
be not deprei{d or born down,'tis clear by common ſence thar 
the power of the weight » 1s divided equally in the middle, 
whote moicr” overo reſteth,as alſo the other over r being in the 
middle of the two lines 2 0 and nt, Now imagin the refiſtznce 
7 to be taken away and placed in e, it is clear alſo that the 
greater part of the weight » forces or endeavours to e by help 
of the line z: e,more than to 0; ſincethe line of inclination, » ;, is 
nc2:er to e than 0 : Becauſe all reſiſtance either in # or in e, or 
in t Or in « is inſtead of a centre as well as o, and the work of 
one helps tother ; Bur if the ſame reſiſtance be placed in «, 'tis 
clear alſo that a leſſer part of the weight », endeavours to #« 
than to »; ſince the faid » 4 is farther diſtant from the centre 
, than from the Centre o, and the proportion of the part of 
the weight 72 in o, tO the proportion, of the part of the weight 
2 In « Will not be according to the proportion of .the angles u« 
m4 and 077i, but according to the proportion of «3 1o 5 o, 
which may clearly be comprehended by the converſe py 
| cltcct, 
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effe, that is even, as now we have ſuppoſed » ard « to be two 
Centres that ſuſtain the weight e of »; alſo imagin » to be a 
certain Centre. from whence hang rwo weights o ard «, fo 
proportioned to each other, that #z and zo are the certain 
cauſes of the ballance of theſe weights os, which we call 2 
Leaver or Beam inclined on no part: Bur returning to the pro- 
paſitior, we fay, That the weight of » endeavoring leſs to « 
than to o, thar is to z?, there needs leſs force in « than in # to 
raiſe the weight »; and ſo by conſequence, the farther the 
point is from 7, the leſler force is required, and conſequently 
when the force or refiftance in « is fo proportioned to thar 
which 1s in 0, AS 1S 07 tO 7 « the Leaver or Beam Will not be 
moved: But when there is a greater proportion of the re{iſtance 
of « to that which is of o, than of that of oz to iu, then the 
part # 5 of the Leaver or Beam Will be elevated: Bur if the 
proportion be leſſer than » z, to # «, thanthe Beam or Leaver will 
be depreſſed on the ſame parr. 


Of Augmenting Foxce or Power. 


Fig.  __ ſome places Bakers uſe a certain inſtrument for 
kneading their Paſt, which is perform'd by one 

man only, which inſtrument ſeems worth our taking notice of, 
and tis thus: Imagine the plain in which he fers who kneads 
che Paſt, and in which the Paſt is laid ro be T'SD, and the tri- 
angle T AS fixed, and perpendicular to the ſuperticies of rhe 
{aid plain; and in the Angle A joyn a piece of Wood or Lea- 
ver A E as a moveable femidiameter and equal to the Perpen- 
dicular of the Triangle, whence A will be the place of the cen- 
tre, and D O will be the ſemidiamcter which kneads the Patt, 
and from its end O ( which O when DO is Horizontal is 
found in the baſe of the ſaid Triangle ) comes the piece of 
wood O V, waich with A V 1s equal to the perpendicular im- 
agined from the angle A. of the baſe T S playing too and tro 
in O and V, thar the ſemidiameter D O may be raiſed and de- 
preſſed. And VO is equal to A. V, and V 1s in the middle be- 
tween A and E, whence A V with O V are equal to AE; 
moreover there are two picces of wood perp-ndicular trom 
F A 
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A, and fixt to the baſe and immovabke; and fo far diſtant from 
one another, that between them O V and D O may paſs above 
and beneath, and not depart from the ſemidiamerer DO. In 
the end of E there muſt be a ſmall piece of Wood at right An- 
gtes with AE, which is held by the hands of ſome body which 
ſtands on the foreſaid Machine, which man with that wood 
that is, the ſemidiametre A E drawing it to himſelf from the 
ſuperficics of the ſaid Triangle, and then thruſting it towards 
the fame Triangle, he excites the ſemidiameter D O upon the 
Paſt with a great force. 

In imitation whereof I have ſubcribed Fig. 22. b a « x, in 
which we may imagine « reſembles A in the 21 Fig. and « de- 
notes O, and o V, andxE: we may alſo imagine « a to te 
the baſe of the Triangle 4 « o, to which o ? the perpendicular 
of the ſaift baſe add « a; hitherto then « o will be equal to » 
x, and'tO 9 a, We may —_— alſo a o ſo produced to b, that 
s b be equal ro 0 a. Alſo ſuppoſe a weight in a, to- force to- 
wards «, whence the line of its inclination will be always a « ; 
ſuppoſe alſo 2ob to be a Beam or Leaver, and 0 its Centre, 
whence the force or power of @ will be proportional to o z,wich 
reſpe to the force or power imagined in 6, the inclination of 
the perpendicular & «, which- force or power in; þ will be pro- 
portionable to b o by Prop. 7. of this Treatiſe; therefore if 
you ſhould place a certain power in b at a right Angle drawing 
the line b o ſo proportionated to the power of the perpendicu- 
lar @, aSot is proportioned to o b, the Beam bo a will not be 
moved, but any greater portion in 6 will overcome. s: 
And when o x is equat co o b, the ſame will happen according 
co common Senfe, placing the power & in x. The. quantity 
therefore of the power in x, which ought to overcome the re- 
ſiſtance in a, which is put againſt «, ought to have a little 
greater proportion to reſiſt, which in a makes a right Angle 
with a s, than that which is of © ; to 0 x. | 
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PROPOS. I. Fig. 19. 
A Theorem. 


| F in a Leaver, the Power be to the weight as the diſtance of each 
om the Prop, reciprocally, it will be in equilibrio, © the power 
will fuſtain the weight, but not raiſe it. 
Suppoſe the power A to the weight C, to be as thediſtance 
BCto the diſtance A B; I fay,it willbe in equilibrio,and the power 
will ſuſtain the weight C, bur nor overcome nor raiſe it; but 
to the better underſtanding of the Propoſition, ſuppoſe the 
weight C to be 100 pounds, and the power A to be a power 
able ro ſuſtain 25 pounds without a leaver ; and as the power 
A is equivalent preciſely to a fourth part of the weight, ſo alſo 
the line BC muſt be a fourth part of the line A B to make it 
in equilibrio. 

The Demonſtration. The power is increaſed in the ſame pro- 
portion in which its motion is increaſed above the motion 
of the weight; but in ſuch diſpoſition the motion of the pow- 
er is to the motion of the weight,as 4 to 1 ; for if the lea- 
ver be underſtood tobe raifed in L, fo that the power deſcribes 
the arch AL, the weight deſcribes rhe arch K C; but the arch- 
es are alike, becauſe the angles ABL, CBK are equal; or 
like arches oppoſite to the wertex, are as their Semidiameters, 
ro wit, as AB toBC, and we ſuppoſe AB to be 4 times as 
much as BC; therefore in ſuch diſpoſition (by the firſt prin- 
ciple of this Treatiſe)the power A is quadruplicated,and there- 
fore is equivalent to 100, but a power of 100 is in equi/ibris 
with a weight of 100; therefore if as the power A to the 
weight C, fo the diſtance CB to the diſtance A B, which is re- 
ciprocal, it will be in equilibrio, which was to be demon- 
ſtrated. 
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PROPOS. I 


A Theorem. 


F the proportion of the Power to the weiz ht be greater', than of 
the diſtance of the weight to the diſtance of the Power from the 
Prop, the power will raiſe the weight and overcome it, 
Fig. 19. Let the proportion of the power A to the weight 
C be greater than of the diſtance} BC to the diſtance AB; 
I fay, The power A fo diſpoſed will overcome the weight 
C. 


Demonſtration. Suppoſe another power which hath the ſame 
proportion to the weight C, as the diſtance BC hath to the 
diſtance A B, this power will be in equilibro with the weight 
(by the precedent propoſition) but the power A is greater thah 
that power (by the 1oth propoſition of 5 Euclid) therefore the 
power A is greater than that which is in equi/ibro with the 
weight C, therefore ir will overcome the weight C, and will 
raiſe it ; which was to be demonſtrated. 


PROPOS. II. 
A Theorem. 


Fig. 23. if the proportion of the diftance of the Power from the 
Prep, to the diſtance of the weight from the Prop be” 
greater than cf the weight to the power, the weight will be overcome, 
end raiſed by the Power, 
Suppoſe a greater proportion of AB ro BC than of the 
weight C to the power A, I ſay the power will overcome the 
weight C. 


The 
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The Demonſtration. Suppoſe another power D equal to A 
applied in the point D, fo that as the weighr C to the power D, 
ſo DB to BC (itwill be by the 1oth propotition of 5 Euclid.) 
DB leſs than AB, and (by the firſt of this) the power D ap- 
plied in the point D will be- in .equi/ibro with the weight C : 
Bur the power A equal:co D it 4t be apptied in the point A, 
hath greater motion with reſpe&'td the motion of the weighr 
C; therefore by the firſt principle hath greater force than the 
power D which is in equilibro with the weight C, wherefore 
that _ overcame ard raiſe it; which was to be demon-- 
ſtrated. 


ww 


PROPOS. IV. 
A Theorem. Fig. 22. 


FF the propertion of the weight to the Power be preater than the 
diſtance of the power to the diſtance of the weight, or if the pro- 
portion of the dift ance'of the weight to the diſtance of the Power be 
greater than of the power to the weight, the power will neither elevate 
nor ſuſtain the weight. ET | Y 
. Eirft, Let the proportion of the- weight C to the power A 
be greater than of thediftance A B toBC; I ſay the power A is 
to little to make an cquilibro with the weight C ; For ſuppoſe 
the power E to which the weight C hath the ſame proportion 
as AB to BC, -and confequently the proportion of: the weight 
C co the power'E will belefs than off the fame weight C rothe 
power A, and (by the roth of' 5 Fuctid.) the power E is greater 
chan the power A, 'but (by the firft of this) the power E ap- 
plied in the point A'is in equilibro with the weight C, there+- 
fore the power A is too little ro be in equilibrio with the weight 
C; therefore can neither raiſe'nor ſuſtain i. 
Secondly, Suppoſe the proportion of the diſtance BC to the 
diſtance AB to be greater than 'of the' power A to the weight 
C; I ſay, The _ will be in the power of the weight C, 
for ſuppoſe the power E to be as BC to AB, foE to C, and 
the proportion of the power E to the weight C, will be greater 
than of the power A to'the fame weightC, and {by the 4oth of 
5 Euclid.) 
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5 Euclid.) the power of E will be greater than of A; bur (by 
the firſt of this) the power E applicdin the point A is in equil:- 
br;io with the weight C; therefore the power A is lefs than 
that which is applied in the ſame point of the Leaver, in equi- 
lIibrio with the weight C, therefore the power A canrot ſuf- 
r2in the weight C; which was to be demonſtrated 

Although in the Figure I have only pur a leaver of the firft 
kind, theſe proportions agree equally with the 3 kinds of Lea- 
vers, fince in each kind as well the powers as the weights de- 
{cribe Circles. 


PROPOS. V. 
A Theorem. 


Power is equivalent to ſo many powers equal to it ſelf in force, 
as its diſtance from the Prop contains the diſtance of the weight 
from the ſame. 

Fig. 24. Suppoſe any power A kit to ſuſtain without a Lea- 
ver, a weight of 100 pounds, fo diſpoſed in the Leaver that 
the diſtance of A from the Prop contains four times the di- 
ſtance B C of the weight from the ſame Prop or Centre ; I 
fay the ſame power in the point A is equivalent to 4 powers 
equal co it ſelf in force, and fo can ſuſtain in this diſpotition of 
che Machine or Engin, a weight of 400 pounds. 

The Demonſtration. As many times as the diſtance. AB con- 
rains the diſtance BC, ſo many times the motion of the power 
contains the motion of the weight, but (by the firſt principle 
of Machines) how much the motion of the power imcreaſes 
above the motion of the weight, it hath ſo much the more 
trengthor force, therefore according to the proportion of A B 
co BC, the force of the power will be increaſt ; bur by ſup- 
poſition AB is fourtimes as much as BC, therefore the power 
applied in the point A is equivalent to 4 powers equal to it 
ſelf in vertue or force. 

Or the power A equal to 100 peunds, will be equivalent to 
4 powers cqual to it felf in vertue, if it ſuſtains 400 pounds; 
and it can ſuſtain them (by the firſt of this) if it be as the 
power 
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wer A tothe weight of 400 pounds, fo the diſtance BC to 
the diſtance A B, which plainly appears. 


— 


PROPOS. VI. 


The Power being placed the: ſame diſtamce- from the Prop; and' the 
weight being placed nearer to the Prop encreaſes the force of the Power. 

Fig. 24- gy the weight C be diſtance from the - 

Prop B the diſtance of BC, and let the power 
be in A; I fay if the power be always in the point A, and the 
weight be removed from the Prop B, ſuppoſe to the point E, 
that by how. much the leſſer BE is, by ſo much the greater 
will the force of the power be, in. order to- fuſtain or raife the 
weight =_ inE; That is if yp applied in the point 
A can ſuſtain or ſupport a weight of 400 pounds placed in the 
point C; I fay, If the weight C beremoved from che Prop and 
placed in the point E; It will be as BE to BC ſothe weight of 
400 pounds to that which the power A can ſuſtain. 

The Demonftration, For let it be as BE to BD 1o the weight - 
Cro the weight F; bfay the weight F placed in the pointE will 
bein equilibrio with the power A, for when 'tis as the power A 
co the weight C, fo the diſtance B C to the. diſtance AB; as 
alſo BE ro BC, ſo the weight C to the weight F; There- 
fore from diſorder'd equality. (by 23 of 5 Euclid) the powen. 
A will be to the weight F as the diſtance BE to the diſtance. 
AB, then (by the firſt of this) A and F will be in equilibria 
which was to be demonſtrated, 


Corollary, L 


Fig. 25. From: this. Propoſition arrives ſeveral pradtifes. 
which narurally.or experimentally Workmen make uſe of for. 
moving of weights, or overcoming the reſiſtance of any bodies; 
And neither is this DoQrine a uſeful in raifing and. re- 
moving of heavy bodies, bur alfo in cutting off bodies and . 
parting them.from each other, and. overcoming any reſiſtance, 
which I ſhall only ſhew. in brief, that itmay be turned from . 
them to other matters.. 

Firſt in digging Stones our of Qarries, they often uſe a Leaver | 
or. Croe of Iron, and when. the Stone refiſts much, — 
reaſon . 
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reaſon of its greatneſs, or becauſe it will not eafily be ſeperated 
from the other to which it adhears, they remove the Prop as 
near to the weight as may. be, that ſo they may move ir the 
eaſier, and for the Prop they commonly make ute of a Stone ; 
or ſometimes two. Stones, as if: the Stone EF were to be part- 
ed from the Stone D E, if DE be firm,the Prop will be in the 
point C, and the weight in B,-and it wilt be a Leaver of the 
ſecond kind and then the diftance of the-power will be the 
line AC, the diſtance of the weight will be BC then asm:ny 
times as BC is in AC, fo many powers equal rwic {elf wiil the 
power placed''in the point A be equivalent to. t 4, 

- Bur if the weight B be ſo drawn back from the body C E 
which the proportion of -the Prop hath, that the-diſtance: CB 
be made yreater, there may be put between thuſe. rwo bodies, 
ſome hard body, that ſo the diſtance C B may be lelſened;-and 
the force of the power more and more increafed. 0. . , 

Fig. 26. In like manner whien' a:Nail-is to be drawn with 
2 Hammer, >y how much the Nait {which obtains the force 
of a weight / is nearer-the Prop C, the eafter it is drawn forth ; 
whence when the Nail -is drawn our'a little way;” 1othat the 
end of the Hathmer C cannot teſt "on the Board or Timber 
chat 'the Nail is in, we are wont'to/ put another: body between, 
thac the diftance niay be leſs. | of: 03 

Fig. 27. In like manner in Pinchets is a double Leaver of 
the firſt (rind, one: whereof is the Prop, to wit, the Nail or 
River B, about which each part is turned, and by how. mich 
leffer the diſtance' BD is, and the diſtance A B or: B C &h+ 
2rearer, fo much the more it ſtrains. - 16% is 

Fig. 28. The ſame may be ſaid of Shears, wherein this 
may be noted, The more they are ' opened the cafier they 0- 
perate; becauſe that when they are more opened the budy 
co be Cut, is nearer the Prop B; Example, Suppoſe it in D, bur 
when they are fhur farcher, thar which is to be cur, ſuppoſe 
itto be in the point E; wheyce the propottion of rhe diſtance 
of the weight from the Prop is gteater than the diſtance of the 
power from the fame Prop or Centre; moreover the longer 
the Arms AB, CB are, the more the force of the power is 
encreaſt, and thus we fee Workmens long Shears cuts any kind 
of Mettai; many other Inſtruments we might mention, which 
this principle caſily diſcovers. 4 


When 
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When we open a Lock with a Key, if it opens hard, we 
put a Stick into the ring of the Key and turn the Key with it, 
for by ſo doing we make uſe of a longer Leaver, than when 
we turn the Key with our hand upon 1t. 

When we open Gates or Doors, if we lay hold of them 
further from the Hinges, they open eaſtcr than when we lay 
hold on them nearer to the hinges. 

Alſo from this we may give a reaſon why a long Staff or 
Pike weighs more if it be lifted up by one end, than if nearer 
the middle ; as alſo why a long Stick, or Staff; or picce of 
Timber, is bowed or broke with more eaſe than a, ſhorter. 

Hence likewiſe a reaſon may be rendred, Why in Mills fome 
reeth are made ſtronger and nearer together than others, wiz. 
the foremaſt ; many things we may run through which may 
be reduced to the Leaver ; as in Navigation, the governing or 


Steering a Velld, rowing with Oars, &c. 


PROPOS. FI 
A Problem. 


To move any weight with any Power by a Leaver of 
the firſÞ and ſecond kind. 


Fig. 29. ET there be given any weight B, and a power 

A, how little foever ; I ſay the weight B may 
be moved by the puwer A, with a Leaver of the firit or ſecond 
kind ; for fince the weight B 15 not infinite, it will have ſome 
proportion to the power, therefore divide the Leaver CB, 
and make it, as the weight B to the power A: $So the line 


CE to the line ED; tuppoſe the Prop in the point E, and the 
weight applied in the point D, and the power A in the point 
CC; I fay it will be in equilibriv. 


1 - ; : 
The Demonſtration. For tince the power A 1s to the weight 


B, as the diſtance ED, to wit, of the weight from the Prop, 
tothe diſtance CE; to wit, of the power trom tlic Frop (by 


G the 
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the firſt of this) -it will be in equilibrio, bur if the Prop be 
moved never fo little to the weight, the power will overcome 
the weight and raiſe ir. 

We will do the ſime by a Leaver of the ſecond kind, for 
make it, as B to A, fo FH the length of the whole Leaver 
ro GH, and [ct the Prop be at the endas at H, the power at the 
other end at F, and the weight in the point G, as yet (by the 
firſt of this) it will bein equilibro ; but if the weight be moved 
never ſa little to the Prop, the power will raiſe the weight, 
and oyercome 1t. 

But a Leaver of the third kind, we cannot uſe to effe the 
ſame thing, for when the weight is placed at one end, and the 
Prop at the other, the power Which poſſeſſes the middle place 
will always be leſs diſtant from the Prop, than the weighr 
will; and is ſo far from helping the Machine to encreaſe the 
force of the power, that it hinders it, and the weight from 
ſuch diſpofition of the Machine increaſes its reſiſtance ; for 
generally ſpeaking, as often as the diſpoſition of the Machine 
increaſes the force of the power ; ſo often, if the power and 
the weight change places, the force of the power is abated, 
and fo much the reſiſtance of the weight encreaſed. 

And this is Archimedes's great Problem, That he would 
move the whole Globe of the Earth, if he could find but a 
place ro fix a Prop upon, which in Speculation is true, but ir 
practice impoſſible ; tor who can practically divide the lengt 
of a Leaver into any proportion, eſpecially, if for Example, 
The Hundredth Thouſand part of a Line were required, for it 
would make the diſtance of the weight ſo ſmall from the Prop, 
that the fear of the Prop would be impoſlible to be diſtinguithe 
trom the diſtance of the weight. 
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PROPOS. VII. 
A Problem. 


To place a werght ſo on a Leaver, that no fimite power, 
how great ſoever, can overcome tt. 


Fig. 30. E T the weight A-be never ſo little, and any 

power B equivalent to ir, I ſay theſe may be ſo 
placed, that the power B, whatever ir_be, will be unable to 
raiſe the ſaid weight. For ſuppoſe, as the power B to the 
weight A, ſo the diſtance K L to the diſtance L M, and the 
power B in the point K, and the weight A placed in M by 
(the firſt of this) it will be in equilibro ; whence if the Prop L 
be removed never fo little to the power conſiſting in K, it will 
be unable to raiſe the weight; alſo a Leaver given _—_— 
the Prop thus, we may divide it, that a power being placed ar 
one end, ſhall not raiſe the other end of the Leaver ; viz. If 
we divide the Leaver KM, ſuppoſing the Prop L very nigh 
the power in the point K, it will come to paſs that the power, 
chough very heavy, will not raiſe the other part of che 
Leaver L M. 


PROPOS IC 
A Theorem. 


Fig. IN 77 the Centre of gravity of a weight is in ;he line 

of the Leaver, the [ame force is always required t9 
move it, whatſcever ſite it obtains, ſo that the force meve only dow-1i- 
ward or upward. 


G 2 Thoſe 
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Thoſe things which we have demonſtrated concerning the 
Leaver, in the former Propolitions are more univerſal; nor do 
they ſhew divers Circumſtances worthy of Note. which here 

ve ought to examine z And certain it 1s that a living power 
which 1s often uſed with a Leaver, tince 'tis inditferent to all 
motion, it will move as well downard as a thwart. Bur weights 
which by their own nature gravitate only, refiſt motion up- 
wards, and therefore their ciculir motion is not ſo much to 
te conſidered, as their ſimple Perpendicular motton, which, 
that I may handle every one ſeverally, I ſhall expoſe ſeveral 
Caſes. And Firſt, we ſhall rake notice of the power forcing 
only downwards as it were, and fo a weight may be com- 
pared in divers manners with a Leaver, for cither the Centre of 
gravity of the weight, or as it were its middle is in the Leaver, 
and which is the ſame, is hanged freely on the Leaver, or ir 
is above the Leaver, or beneath the Leaver : In this proportion 
we appoint the Centre of gravity in the Leaver. 

Suppoſe the Centre of gravity of the weight A in the Lea- 
ver; I fay, If the power only force downwards, the fame 
power is required to ſuſtain the weight in whar ſite ſo ever 
it 1s. 

The Demonſtratics. As well the weight as the power tend 
downwards, wherefore if the cicular motion be conſidered, 
both of the powerand the weight, they will be proportionally 
diſtant, or their diitances will be proportioral, ſince like arches 
are proportioval ro the Semidiameters of their Circles; or if 
the perpendicular motions G E, CH be contidered, they alſo 
will be proportional, becauſe the Triangles CB H, BGE ate 
proportionals ; whence if the power move only downwards, 
the ſame force is required to tuſtain or move the weight, 
whether the Leayer- be Horizontal or oblique. 
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CLLITNNY Y cot — |S ann mm 
d) 
PFROPFOS A 
Fig. 32. A Power moving equaily 5:2 evi; Uiferont place, mowers 
a Wceignt more e np 1:/ oe Cure is in an heir Fs 


beam ow leaver, than in an Horizontal o7 

Let the power be A, equzily ab To to m3ve a wei:zht in an y 
difterence of place, ar d let the w cickihbe D, whoſe Centre 
in the Leaver; I ſay, If the Leaver be raiſed in E, the pow cr 
will more eaſily moye the ſame weight, than if the Leaver 
were Herizontal, as A D. 

The Demonſtration, Weight, or any heavy body, reſiſts only 
motion upwards, therefore a Perpendicular line 1s 173 me aſare 
of reſiſtance ; Therefore, Firſt let the weight be moved : 
cording to the Arch DE, the reiiſtance will be the : ine EH, 
Secondly, ler it be moved according to the other Arch equal 
to EF, the refiſtance will bz according to the Perpend icular 
4 # And it is clear, thar the line FI 1s Tefs thon the line E H: 
Therefore although the ſame power move through the Arch 
CB, equal to AB, and fo advances the ſame vertue or torce 
(according - the tirtt principal) you will tind lefs reititar Ce in 
E than in D, therefore ic will move eaficr while the Leauver 
vbtains anoblique m- or pofition,than when it hath an Horizontal ; 


which was to bu demonſtrated. 
Corollary. 


Hence it follows, That in an ob/ique fite a per is in equi- 
{ibro with a weight, although the proportion Gt 27Wer tO 
the wc: ht. be not reciprocally the ſame, which u:.- iltanc 2 of 
the weiznt is to the diltance of the power from tie 2010p ; 0 

wit, becauſe the motion of the weight, —_— :0 whicl 
its reliſtance endeavours, 1s not the Arch i: F bur the 2 erpon- 
dicular line FI, although the 'morion of og POWZr, accord- 
ing to which ic exerciſes its activity ſhould bc by the Arch BC, 
but the Arch BC and the Perpendicular #1 arc nor proportio: aal 


t0 the dittances K B, KE. > I 
Neverthelefs 
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Neverthcleſs in an Horizontal fire D A, becauſe the Perpen- 
dicular Phitically falls in with the Circle DH, the common 
Rules ought to be obſerved. 


a__ * ————————P——_ OOO, 


PROPOS. XI. 
A Theorem. 


Fig 33- be the Centre of a weight be above the Leaver, the 
weight is eaſier raiſed above the Horizontal line than 
beneath, from the power only forcing downwards. 

Suppoſe the weight A, and its Centre above the Leaver ; 
ſince the weight always prefles downards according to a Per- 
pendicular line ; in an elevated fite it weighs downwards accord- 
ing to the line IF; andthen the true diſtance will be the line 
FE; but in an Horizomal ſte the true diſtance will be BE: 
In a depreiled fire it will be DE; *Tis certain, that DE is 

reater than BE, and this greater than FE, and ſo in re- 
pect of the power applicd in the Leaver, and only prelling 
downwards, the motion in C will be more difhcult than in 
A, andin A than in I. 

But what I have faid :5 with reſpeCt ro the power, its mo- 
ving tmply downwards ; becauſe if it ſhould move equally, 
or alike in every different place, the proportion of the DoCtrine 
delivered in the 1oth Prop. would enſue. 


PROPOS... AM 
A Theorem. 


Fig. 34. \ \ FT Hen a weight hath its Centre of gravity beneath 
the Leaver in a depreſſed ſite or Poſition, leſs force 
is required than in an Horizontal, and greater in an elevated 


ſte. 


Suppoling 


F 
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Suppoſing the Proof of the former Propoſition, this ap- 
pears clear enough, neither doth it need any further explica- 
tio:1, fince in a depreſſed ſite the perpendicular cuts off 2 lefer 
or ſhorter diſtance than in the Horizental, and in an elevated 
fite ir cuts off a greater ; the ſame caution is to be noted. 

But when the weight freely depends on the Leaver, it i; at- 
molt in the fame manner, as if the Centre of -gravity of the 
weight were found in the Leaver : For always the (ame diſtance 
remains to the Prop or Centre, eſpecially vertually, becauſe the 
weight ſo moved, is as if it truly exiſted in that point of the 
Leaver whereby 'tis hung. | 


—_ 


PROPOS. AHL 
A Theorem. 


Fig. 35. FF by reaſon of the Figure of the Prop, the point on which 
4 the Leaver rots be changed, the proportion alſo of the 

force of the Power, to the reſiſtance of the weight will be changed. 
The Figure of the Prop. may be various, and it may be ſo 
made, that in its motion it may bear the force of one or ano- 
ther point of the Leaver; whence it comes to paſs, that the 
diſtance of both the power and the weight are not the 
ſame; and ſo the whole proportion of the force of the power 
to the reſiſtance of the weight is changed ; as if the Prop. 
ſhould be Spharical, and the Leaver in an Horizontal ſite ſhould 
couch it in the point A, bur in an elevated ſite it would couch 
it in the point B; The ſame I fay if the Prop. ſhoald be an 


oblong. 


PROPOS. 


Mechanick Powers. 


bs PROPOS AV. 


The motion of a power oblique to the Leaver, is leſs 
powerful than when right. 


Fig. 35. T* the power be A, which preſſes the Leaver ac- 

cording to the oblique line A B; I iiy this motion 
is leſs powerful or able; than if the ſame force preſt the lea- 
ver according to the perpendicular line A C. 

The Demonſtration. That motion tends not fo much in railing 
the weight, as in drawing back rhe leaver from the Prop, as 
the motion AD forces the leaver againſt the Prop, and con- 
ſequently it rather relifts the Prop. than the weight. 


PROPOS: AV. 


A Theorem. 


4A motion ſo preſſing forward to the werght, that zt forces 
it ool:quely to the line, according to which it ſhould 
be moved, ts leſs powerful. 


Fig. 37. HE weight is A, which ſhould only move ac- 
cording to the line AB, and the Leaver whoſe 
Prop 1s in C, toucning the weight 1n the point D, and forcing 
ir 2ccording te the line DE; I fay, The motion of fuch weight 
will be more difhculr thai if it had been forced according to 
the line A B; for the force of motion according to the line 
DE, 2s Compot.d of a double motion, tov Wir, as it were of 
a Perpendicular, and of an Horiz,nral ; 1 fav; as often as "tis 
P<rpendicular, it rehiits the ſubjected plane, ard fo part 
of that force is uled in vain, in overcoming this reliftance. 
Prep. 
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PROFOS. XVTLT 
A Theorem. 


Hen two Powers conſiſting at the ends of a Leaver, ſuſtain a 
weight hung on it, that which is neereſt to the weight ſuſtains 


:he greater part of the weight, and that which is further, the leſſer 
part proportionally to the diſtances reciprocally. 

Fig. 38- There are two powers A and B conſiſting at the 
ends of the Leaver, and ſuſtaining the fame weight C; I fay, 
the Power A ſuſtains a greater part of the weight than B ; thar 
55, if the weight C be 60 poundsand B C the double of A C; 1 
fay, the power A ſuſtains 4 pounds, of the weight, and the 
power B ſuſtains only 20 pounds: Or that the powers may 
ſuſtain the weight C, the power in B muſt be equal to a 
weight of 20 pounds, and the Power in A equal to 40 

ounds. 

r The Demonſtration. The Power A in reſpe& of the Power B 
is as the Prop, therefore that they may be in equilibyo, ir ought 
to be as, A C, the diſtance of the weight from the Prop A, to 
AB the diſtance of the power from the ſame Prop, ſo the 
power Bro the weight C reciprocally ( by the firſt of this ) bur 
AC is by ſuppoſition a third part of the line AB, therefore 
there is required in Ba power equal ro a third part of the 
weight, to wit,of 20 pounds ; In like manner, becauſe with re- 
{ſpect ro the power A, as the power B hath by means of th« 
Prop, fo will be the diſtance CB of the weight from the Prop, 
to A B the diſtance of the power from the ſame, as the power 
A to the weight C reciprocally, { by the firft of this) but CB 
is ſuppoſed to contain two third parts of the whole line A B, 
therefore alſo the Power A will be equal ro + parts of the 
weight C, to wit, of forty pounds : Which was ro be dy- 
monltrated. 


- 1; 
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Corollary. I. 


If the weight be preciſely in the middle, each power ſuſtains 
only an half part. 
Corollary. II. 


Both Powers taken together, ought to be equal to that 
power which can raife the weight without a Leaver, 


Corollary. III. 


Hence we may determine whether the Prop be fit to ſuſtain 
the weight, for it always ”=_ with ſome part of the weight, 
eſpecially in Leavers of the ſecond kind. 


Corollary. IV. 


In a Leaver of the firſt kind, the Prop ſuſtains as much of 
the weight as the power, and its refiſtance ought to be equal 
tO both taken together. 


Corollary. V.. 


When 2- powers conſiſt at the ends of a Leaver ſuſtaining a 
weight _ in the middle, we may ealily. determine how 
much of that weight each power bears, to wit, by dividing 


the whole weight according to the proportion, which the 
Dowers have with the weight reciprocally ; Whar I have faid 
in reſpect of the Leavers bearing or ſuſtaining the weight, may 
alſo be underſtood of drawing a weight; As if 2 draw, and 
the weight A be fixt, not in the midle of the Leaver BC; the 
Leaver will be moveable only about the point D. 


" 4 * nos II, 
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PROPOS. XVII. 
A Theorem. 


Owers con(iſfing at the ends of a Leaver, do not bear the weight 
P eaſier 08 a longer Leaver than on a ſhorter. 

Fig. 39. Let the powers be A and B, and the Leaver like- 
wiſe A B, ſuſtaining the weight C; and let there..be 2 other 
powers D and E ſuſtaining the ſawe weight, or one equal to ir, 
on the longer Leaver ; I ſay the length of the Leaver D E adds 
nothing to the facility ; for let there be the ſame proportion 
of AC to CB, as of DF to FE, I will ſhew in both caſes thar 
the ſame part of the weight is ſuſtained by the power B, as is 
ſuſtained by the power E, and the ſame by the power A asby 
the power D : In like manner ( from Corollary 2 ) I will ſhew 
in both caſes that the powers taken together are equal to the 
weight, whence the greater Leaver etfe&ts no more than the 
leſſer. 

Neicher doth it ſeem ſtrange, that the length of the Leaver 
adds nothing to the force, that is, if two Leavers of unequal 
length, bur divided alike from the Prop, that is, ler the pro- 
portion of the diſtance in both be a like, rhe like effect follows 


in both. 


PROPOS. AVI 
A Theorem. 


Hile 2. Powers ſuſtain a weight, whoſe Centre is abcve the Lec- 
wer, in a declined ſite, the lower Power bears the greatcr 

weight. 
Fig. 40. Let the 2 Powers be A and B, and let the weight 
be above the Leaver and its centre C, and ler the perpendi- 
7-2 Cular 
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cular be CD: I fay, the power B ſuſtains greater part of the 
weight than if the Leaver were in an Horizontal fite ; For the 
weight always aCts by a line perpendicular to the Horizon, as 
in this caſe by the line C E, when before it ated by CD, there- 
fore the weight becomes nearer the power B: wherefore the 
power B bears a greater part of the weight ( by the prece- 
dent. ) 

Bur if the weight be beneath the Leaver, the contrary hap- 
pens, as in the ſecond example, in which the weight hangs 
on the Leaver by the line I K, which weight inclines to the 
power F, and therefore in this caſe, the power F bears more 
weight, than if the Leaver were in an Heorizonal fite; Laſtly, 
if the weight hang freely it will nor change the fite. and con- 
ſequently, neither power ſuffers by the declination of the Lea- 
ver Or Beam. 


PROPOS.  KXIX. 
A Theorem. 


Hen a power draws by a line oblique to the Leaver, its true 
diſtance is a perpendicular from the Prop, to the line of Di- 
rettion. 

Fig. 4r. Let the Leaver or Beam be A B, and the power 
drawing by the line B C oblique to the Beam, to which from 
the Prop-F is drawn a perpendicular F D ; I fay, the true dift- 
ance of the power to be look'd upon, according as the increaſe 
or decreaſe of the vertue, or force, is the line F D. 

The Demonſtration. Suppoſe the power to conſiſt in the poinr 
D, which draws the cord from D in E, and draw the line 
FE; In the mean time the Leaver deſcends in the point G 
dray the line EG, and becauſe in the triangles FDB, FEG, 
the fides FG, FB, alſo FD, FE, and the length of the Chords 
BD, GE is the fame ( by the 8th of the 1ſt: of Euclid. )all the 
angles wilt be equal, among which GFD, BFE will be equal, 
and the common angle BFD being taken away, there remains 
the angles G FE, D FB equal, and conſequently the arches BG, 
HL 
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HI equal. But the arch DE according to which the pow er 

is moved, is to HI or BG, or AK the motion of the weighr, 

as FD to AF: therefore the true diſtance, according to which 

the motion of the power encreaſes or dec eaſes tz is the line FD, 

perpendicular to the linzs of direQion; which was to be 
emonſtrated. 

But if the power be in the point C, and it move upon the 
Ci:cumference MC, it may eaſily be ſhewn that the arch MC, 
is equal to the arch BG, and conſequently in this caſe the 
rue diſtance ſeems according to thar which is Jookt upon as 
its force, to be rhe line FG or FC, which would be contrery 
ro the precedent part of the propofition : But the line BC is 
ſuppoſed ro be flexible in the point G, and ſo the power 

laced in C may move abour the point B, as about a Centre, 
although the Leaver FG remain unmoved. Suppoſing then 
from the point B,as from a Centre,we deſcribe the arch CO, fo 
that the line BO, which may be imagined, be equal to the 
line BC; draw a chord from the point. O even to M, ſo thar 


- in the mean while the end of the Beairrpals from the poinr 


B, to the point G,and OM will be the true motion of the power, 
which 1 affirm to be equal to the ling D E; For {ince DC or D 
O is oge half part of the line CK, and E Mhalf of the line M G; 


thea-DO and E M will be equal, and that which is common 


being. taken away, viz. E O, then DE and MO will be 
equal, wherefore the power .a# on that end of the line is not 
more moved than if it were applied in the point D, there- 
fore its txue diſtance will be F D ; which was to be demon- 
ſtrated, 


Corollary. T.. 


If the line BC be not Flexible,ncither in the point B nor any 
other, but firmly adheres ro the point B, the thing will be 
otherwiſe; for if you apply the power in the point D, its- 
diſtance according to what is examined of the increaſe or de- 
creaſe of the force, will be D F, bur if it be applied in the 
point C, its true diſtance will be the line FC, and its true mo- 
tion, according to which it moves, will not be only the line 
MO, but the whole arch M C. 


Corollary 
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Fir. a2. The line of direction which is perper.dicular to the 
Leaveriz mo# apt to move, and by it the power haih the 
greateſt force that ir can have ar the end of the Lraver ; for 
ler the Leaver be AB, the Prop C, and let the line of direct- 
jon B D be perpendicular to the Leaver AB: I fay, in any 
other line of direQtion, the power 1s leſs able; for let it be 
another line BE, which makes an accute argle CBE, and 
which conſequently falls within the circle, draw to it the 
perpendicular CF, which ( by the preſent ) is the true diſtance 
of the power, and leſs than C B, wherefore when the Lea- 
ver draws by the line B E, it hath lefs force than by the line 
BD. Morcover I:r there be another line of dire&tion BG, 
and the angle C B G obtuſe, and conſequently the other angle 
C BH will be accute, and B H will be within the circle which 
being divided in the middle in I, ( by 3 of 3 of Euclid.) CI 
will be perpendicular to BH, and the ſame C I will be the 
true diſtance of the power ; which fince *tis IefS than C B, the 
power alto will have leſs force. 


Corollary. III. 


Fig. 43. The true diſtance of weights which draw by 
gravity only, is a Segment of the Leaver Herizontally placed 
between the Prop and the perpendicular ; let the Leaver be 
A B, the weight by its gravity drawing downwards in B: 
Suppoſe the line E i in an Horizontal fite, and draw the per- 
pendicular B C; I fay, the true diſtance of the weight B is 
DC, for all heavy things draws by a vertical line to which the 
Hirig,ntc! tne DC is perpendicular ; I fay, the ſame if the 
weizhr were in the point H, the true diftance would be DG. 
Whence it follows, that a weight depending on a Leaver Heri- 
232all, dilpolcd hath greater force. 

And here I will add ſomething out of the Learned Caſatus 
bis 1Mcchmnies; fays he It may percharce be pertirent ro our 
pr1eictt purpole, and not unpleaſant to the Reader, it 1 here de- 
Chic foimncibingot an invention: When I heard a certain man, 
declaring that a Bell of a vaſt weight, was carried eaſily on 
Brats Wiucclz, Wiich by Iength of time were worn out, but 
by 
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by what artifice, or in what order they were diſpoſed, or made, 
he could not tell; Wherefore he conſidering with me how 
it might be done, I happened on this thoughr, that I eſteemed 
the moſt heavy bell, might catily be repulſed, by diminiſting, 
or leffening” the Telfiſtance, which ariſes from the Wearing of 
the Prop, or Stay, and Axis together ; For ler B aid C be two 
ſmall wheels ( Fig. 44- ) of ſolid Braſs, whoſe diameters arc in 
ſome different proportion to the diameter of the axis on which 
the bell bears, or lies; And let the ſemidiameter of the Axis he 
AE, andof the little Wheels BE, in proportion double, there - 
fore alſo the peripheries will be in the fame proportion, there- 
fore while the point I in H compleats a quadrant,the litthe Wheel 
alſo is turned about, whole periphery is equal to halt a qua- 
drant ; Wherefore if to the little Wheel there ſhould be fixr an 
Axis, whoſe Semidiameter BG 1s equal to the Semidiamerer 
AE, the rubbing or wearing will be made with + part of the: 
Periphery of the Axis of the little whect B; bur becaufe alſy 
in the little wheel C, the rubbing or. wearing, will be m:de- 
equal with the ſame Axis, almoſt nothing of moinent is gained, 
becauſe the whole wearing is equal, as it the quadrarc EO 
were turned about in a firm and hollow Prop: And ic will 
rather be a leſſening of labour in carrying the bcll, it the little 
Wheels were fixed to an Axis: and fince the Axls 1s C3/imdrical, 
the ſubjeted Wheels doubtleſs will rouch in a line, a ſmall 
part of the Prop; And the Axis of the Wheels ſuir or fit with 
their concave parts in the ſuperticics which are worn while the 
wheels are turn'd round: Unleſs by chance the Convex ſuper-. 
fcies of the Cylindrical Axis B G, be ſomewhat lefler than the 
concave ſuptficics of the Wheel; and therefore they touch : 
each other according to a line as(by ther 3th of the 34. of Em/id.) 
"tis eaſy to demonſtrate, which doth nor often happen. . 
But 'tis not necdful ro mare ſuch ſolid Axes to the Wheels 
B and C, For if the axis A E is convenient fo bear the weight 
of the whole bell, a - pair of equal Axes will reſiſt or bear 
double the weight : Therefore 'tis ſufficient if each of the Axes 
B and C, ſuſtain half the weight ; But ſince the reſiſtance of - 
the Cy/immdars,lealt rhey be broken, ougit to be in triple proporti-- 
on of their diameters, 'tis ſufficient to find two r:.. .n continual 
proportionals betweeen the ſemidiamerer A E ::nd its half ; 
for that which is next leſs tro AE will be {uthcieni, for the 
Semiciameter of a Clinder having Subduple Solidity arid refiſt- 
AnCce, 
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ance, but till the Semidiameter requires to be leſs, becauſe the 
weight bears or preſſes obliquely on the Axes of the Wheel; 3 and 
GC. whence the weight of the bell on thoſe axcs is according t5 

tie lines A B, A C, and not according to the perpendicular A 2? 

Therefore as A Dto A B, ſo reciprocally the weight on A Bt) 

the weight on AD; burthe weight on either axis is as the ſub- 

dup'e { or half) Summ to the whole weight; theretore the 

weight on BA is leſs than ſubduple, and the proportion cor- 

tinuing is made leſs; For when the Semidiameters A E and 13 

E are given, the whole B A is known; and BD, and allo its 

equal BE is known; therefore (by the 47th. of 1ſ.of Euc!;d. ) 

alio A D will be known, whoſe quadrate you will find, i: fro:n 

the Square of B A you ſubtract the Square of B D. 

Theretore if by Hypotheſis, BA, be 3, its Square 1s 9; and 
BD 2, its Square is 4, which ſubtracted from 9, there remains 
the quadrate 5, whoſe root is 2,23 and is the right line DA: 
The weight therefore on BA to the whole weight of the Fell 
on both axesB and C, is as 2, 23 t0 6,00: Bur becaute the 
retiftance of itke ſolids is in triplicate proportion of their homo- 
[12:1 ftdes{ and in Czimders the proportion of their diameters is 
had ) if you ſeck two mean proportional numbers between 6, 
o0 and 2, 23 Which you may do if you draw the quadrate of 
one cxtream into the other extream, for the Cube root of the 
product is the rexm next to that number whoſe ſquare you aſ- 
ſumed: Therefore firſt, the Square ot 6, oo being 36, ocoo, 
draw it into 2, 23 and the cube root of the product 80280000 
iS 431, £: Bur the quadrate of the other extream 2, 23 1549729 
being drawn into 6, 09, gives 29837.490 whote cube root 310, 
i5the other mean; Theretore the 4 numbers 609,43 1%,310, 223, 
are continual proportionals, the fra&tions being tlightcd ; 
Wherefore it you make it as Goo to 431, fo the ſemidiameter 
AE to BN, this ſemidianieter fought will be ſufficient to bear 
the weight. 

And becauſe B E 1s the double of AE, ard AErtoBN is 
made as Goo tO 431, BE will be to BN, as 1200 to 431 ; And 
accorcing to this ſame proportion will the Semiquadrants be 
nat are defcribed by them. Bur the eighth part of the Peri- 
phery from tu radius BF, is cqual to the quadrant from the ra- 
dius A E ; therefore the quadrant E O to the Semigquadrant of 
the radius B N, bt affo as 1200, to 431, Therefore if the rubing 
upan of the axis 05 tne bot wich the fixed Prop and hole, be 1200, 


the 
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the Wheel B with its Axis is 431, to which the rubing upon of 
the other Wheel C with its Axis is equal ; and therefore the under 
Wheels the diameter whereof is only double to the diameter of 
the axis of the bell, the rubing upon is as 862 to the rubing up- 
on which is as 1200; If therefore the diameter of the Wheels 
to the Axis of the bell be not only double, but triple or quadruple, 
the rubing upon will be much lefſer, and the facility in carrying 


the bell greater. 
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Mechanick-Powers. 


OF, THE 


W heel or Axes in Per:itrochzo. 


BOOK IL. 


— 


Fig. 45, 46. Xes in Peritrochio, Which in Latin they call 
Suculum, or Windlace ; It conſiſts of a Cylin- 
der, or round piece A B, to which is fixt an Axis C D, it hath 
alſo handles or radius's fixt ro the Cylinder; about the Cylinder a 
rope is turned to which the weight 1s faſtned; ſometimes the Axis 
C D, is parrallel to the Horizon,as in Fig. 46, and ſometimes it is 
perpendicular to the Horizon,as in Fig. 45. and may be variouſly 
made, and yet its eſſence; or being, remain unchangeable, and 
ce ſame power perfevering in augementing ; For whether 
the handles be immediately fixt to the Cyimder, as in Fig. 45, 
or whether they be fixt to the Circumference of the Wheel, as 
in Fig. 45. it differs little, for the true length. of the r:dius 
is the diftance of irs end from the Axes. 


P ROPOS. 
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PROPOS. L 
A Theorem. 


LH: Wheel or Axis inPeritrochio, is a Ballance or Leaver. 
T Fig. 47. Let the baſe of the Cylinder be A B, its Cen- 
tre, or the Common SeEtion of the baſe and Axis the point C, 
which when 't is immovable hath the force of a fulciment or 
Prop, let the weight wm from the point A, and the Power 
in D, I fay there will be found a Ballance or Leaver of the firſt 
kind, for although the handle B D be not always fixt in the 
fame plain wherein the weight A is found, nevertheleſs ir de- 
{cribes an equal Circle ro that which it runs over, if it exiſt in 
the ſame plain; and therefore is found tobe a Ballance or Leaver 
of the firſt kind, And the fame Propoſitions which we have 
made of the Leaver may be applied ro this Engin, fince the 
increaſe of the motion of a power above the motion of a 
weight is the ſame ; Therefore ( by the firit principle of this. ) 
the increaſe of force is the ſame : But in the ſecond caſe 
in which the weight depends on the point F, the Prop is in. 
H, and the Power in G, 'tis a Leaver of the ſecond kind. 

But if the power be in the point K, the Prop in L, and the 
weight depend on the point M, as yet it will be found a Leaver 
of the firit kind, but being thus diſpoſed, the force of the 
Power 1s diminiſhed. 

Laſtly, If the Fulciment or Prop be in the point O, the Power 
inP, the weight in R, it will be found a Leaver of the third 
kind, wherein the force of the weight is increaſed, and the 
force of the Power kfſened; notwithſtanding, this diſpoſition 
i not unuſeful when the power exceeds the weight by a lon- 
ger interval or ſpece, 


Corollary, | 
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Corollary. I. 


If the Power be to the weight, as the Semidiameter cf the 
Cylinder to the length of the handle, or radius, the power in 
ſuch diſpoſition will be in Equilibrie with the weight: AndI 
ſuppoſe the Power to be applied in the extream or end of the 
radius, and to force the hardle always perpendicular; The rea- 
ſon is 'clear, becauſe ( by the firſt Principle of this ) 'tis then in 
Equilibrio, when the Power is to the weight, as the motion 
of the weight to the motion of the Power reciprocally. But 
the motion of the weight is to the motion of the Power, as. 
its diſtance from the Axis, to the diſtance of the power 
from the ſame Axis: For while the power abſolves one cir- 
cle ab-»1: the Axis, the rope alſo is once turned about the Cy- 


linder, 4 1 - wee-ghtabſolves an equal motion to one circvm- 
voluiin, yr -.1e Circle of the Cylinder, but Circles are to each o- 
ther 45 272 their Radius's, Therefore:if the Semidiameter of the 


Cylinder be to the length of the handle, as the power to the 
weight, it will be in equil/ibrio, and the power will ſuſtain the 
weight ; which was to be demonſtrated. 

But that the foice of this Engin may be the better corcieved, 
cake the S:midiamerer of the Cylinder, and compare it with 
the length of the handle, which rake from the Axis to the point 
in which the power is applied; and as often as the Semidia- 
meter cf the Cylinder is found in the length of the handle, 
ſo often is ttc power multiplied; that is, ler there be a man 
in Fquilibrio with 100 pounds, and let the Semidiameter of the 
Cylinder be 10 times found in the handle ; I ſay, the ſame man 
Can with this Exgin ſuſtain 1000 pounds. 


Corollary, II. 


But if there be a greater proportion of the power to the 
weight, than of the Semid 1ameter of the Cy/inder to the length 
of the hardle, the Power will raife the weight; for grcater 
force is required to move a weight, ard tw Overcume Its xetiit- 
ance, than to make it even, or level. | 


I 2 
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In like manner if there be greater proportion of the length 
of the handle to the Semidiameter of the Cylinder, than of the 
weight to the Power, the power will be ſuperior to the weight. 
and overcome its reliitance. 


Corollary. II.. 


If the power move the handle by a line, not perpendicular - 
co the ſame; Its true diſtance from the Axes or Prop will be. 
leſſer :-As if in Fig. 48. the handle be BC, and the power 
draws by the oblique line C E; the true diſtance of the power 
according to which we ought to meaſure its increaſe or aug- 
mentation will be the perpendicular B D( as is ſhewn at Propo- 
{tion I9. of a Ballance or Leaver, ) 


Corollary. IV. 


Tf aropebe fo turned about a Cylinder that ir makes the 
folding fpiral,or that one Spiral folds on another, ir makes the 
difficulty of drawing greater, or increaſes the force of the 
weight ; for when the Semidiameter of the Cylinder is increaſed, 
it makes the proportion of the length of the handle, to the 
Semidiameter of the Cylinder leſs ( by the 1oth. of 5th. Euclid. ) 
or, that I may ſpeak more plainly, the Scmidiameter of the 
Ezlinger, is not ſooften found .in the length of the handle; ifir- 
happen that the Cylinder be not long enough to hold all the 
Spires, but it ſhall be needful to put one Spire upon another, 
fince thoſe Spires ſo put upon ene another, neceſſarily in- 
creaſes the Semidiameter of the. Cylinder, the ſame weighe will 
have unequal force, and will ſooner move the Clock or Watch, 
whence it follows that the firſt hours are unequal. and ſhorter; 
But if. any one would* have (for example ) the third hour 
{korter than the reſt, ler him increaſe the Cylinder of the Fym- 
= wr the Spire which anſwers that. hopr and he will have. 

MOULDS, . 


Corollary 
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Corollary. V. 


Fig. 49. From this propoſition you may underſtand where- 
fore in watches, which are not animated by weights, but by 
ſprivgs, wherefore I ſay the Czlinder about which the ſtring; or 
chain winds is not made Cylindrical but Conical, as in this figuse, 
for when the ſprings in the beginning, are more ſtretched than 
cowards the end, therefore they have greater force than tlie 
reſt; In the beginning they ought to draw by the Apex of the 
Cone, thar is, then there is but a ſmall diſtance from the Axis, 
but in the end they draw by the baſe of the Cone, in which 
part there is a greater diſtance from the ſame Axis; to wir, 
that greater force drawing from a leffer diſtance, or in a ſmall- 
er motion, may be equal to the force of a lefler drawing from 
a greater diſtance : For let the force of the ſpring in the be- 
einning of drawing, to wit, when 'tis molt ſtretched be equal 
r0.0ne pound weight, and. in the end equal to the weight of 
4 .0unces, or + part of a pound; the Semidiameterof the 
Circle of the Cone in which the String or Chain is knit, in the 
beginning of drawing ought to be + part of the Semidiameray 
of the Cones baſe, according to which the drawing is made 
in the end, for thus the force in each cafe will be equal and. 


will draw uniformly. 


Corollary. VE. 


Fig, 50. Hence. may eaſily be ſolved a queſtion oftentimes : 
propoſed to me, to wit, whether the ſame weight hanging on : 
a. long cord hath more force than if it hung on a ſhort cord ; 
or whether it be harder to draw the weight A than the weight 
B, which I ſuppoſe to be equal ; The reaſon of the difhculty 
ſeems to be becauſe the weight A is farther diſtant from the 
Axis of the Cylinder than the weight B, and therefore ſeems to 
require more force; therefore we fa t any diſtance from 
the Axis is the meaſure of the increaſe of force, but that only 
from whence follows greater motion; therefore whether the 
weight exiſt in A or in B, while the Czlinder 1s turned round 
once, the weight aſcends according to a line which is equal 
fo. 
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ro rhe Circumference of the Cylinder; therefore in each caſe 
the weight is equally moved, therefore equally gravitates ; noi- 
wirhitanding I exclude the weight of the rope, or cord. 

Bur if theſe weights hang nor freely, but the lines BD, A C 
ſhouid be of rigid matter and inflexible: Becauſe while the 
Cylinder is turned about, the weight A deſcribes a greater 
Circle than the weight B, the ſame weight A will have greater 
force than the weight B, according to the proportion of 
diſtances. 


PROFOS. Nb 
A Theorem. 


WW Hile a power adteth by the force of its own pravity, the in- 


creaſe of the Power doth not always ought to be required from 
the diſtance of the Axis. 
Wiz. 5:. Although we have toucht upon this propoſition 
already : Nevertheleſs we will fit it peculiarly ro this, Engin, be- 
cauſe that 'tis already known, and in common uſe with ſtone 
diggers; the Machine or Engin conlilts of a large wheel into 
which men enter, and in which they walk, alfo a Cylinder 
abour which the rope is turned abour, and an oblong neck, 
in whoſe extream or end is a Pulley to dire& the weight; It 
may be queſtionec, whether the force of the power of the 
movent applied in the extream of the Wheel be increaſed, 
according to the proportion of the Semidiamerer of the wheel 
to the Semidiameter of the Cylinder ; 19 which I anſwer, it is 
not ſo, for when a man walks in a Wheel, and moves by 
gravity, to wit, by a line tendirg to the Centre of the Earth, 
applied in divers parts of the wheel, yea, often times almoſt 
under the Axis, Its true diſtance is not to be raken according 
to the Semidiameter, P it the man were walking in the point 
A, when he moves by the line A B, his true diſtance is C Dy, as 
is ſhewn in Propoſition 19. 


PR OPS. 
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PROPOS. Ill. 
A Thorem. 
Of the winalace placed vertically. 
Fix. 5% A Lthough it matters not much how a 7indlace is 


placed as to its lite or potition, yer a Windlace 
whoſe Axis is vertical hath this peculiar property, that it may 
be wrought by animals only, becauſe that ( properly ſpeaking): 
animals only have their motion Horizontal, although alfo ſome 
mills are made in which water moves the Windlace vertically, 
yea, and the wind alſo,as we ſhall ſhzew; I have often wondered 
that theſe kind of Yindlaces are no oftner made uſe of in 
buildings, ſince by the help of a horſe only; greater ſtore of 
Stones, or Bricks, or Morter, may be conveighed to the upper= 
parts of the building, than by 4 or 5 men ; Wherefore a ver- 
tical Windlace may be worked with a Mill-horſe, and about the: 
Cylinder a double rope may be turned abour, in a contrary man- 
ner, ſo that in the mean while that one weight riſes, #t ſends. 
down the other Inſtrument. The force of this Machine will be 
very great, for when a horſe can carry more than 3oo weight, 
he will draw much more, or raiſe by drawing; we will {up- 
poſe 500 weight, and his force increaſes according to the Pro- 
portion of ACto AB; and for the moſt part AC contains 
10 lines of A B, from whence it will be, that one horſe alone- 
may raiſe 5000 pound weight ; bur if the weights ought not 
' to be fo great, and it ſeem better to raiſe more ſmall weights 
with reſpited force, than to take up a great weight together, 
and at once, leſt the ropes be broke, then you may increaſe 
the Cylinder A B to any thickneſs thar you pleaſe, for then you. 
will lefſen the force of the power, and ſooner take up the 
weight. 
Nevertheleſs becauſe in this Machine or Engin there ſeems. 
this incommodity, that the weight being elevated, the Hind- 


lice ought to be turned. the contrary way, and there would 
be 
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be ſome lo of time, to turn the horſe the contrary way ; 
firſt *cis Certain that if men were placed to this. Windlace, thar 
inconveniency would ceaſe : Bur if yet you would uſe a horſe, 
make a compounded Machine or Engin of two Windlaces, hav- 
ing two Cylinders with teeth, or toothed Tympanes, which ver- 
tical Windlace may move the other Horizontal, ſo that if the 
co2s or teeth of the Cylinder be put to the other, the Cylinder 
will be moved on one part; but if ic incur in the other 
Cylinder, the Cylinder will be moved with a contrary moti- 
on; and 'tis ealy ſometimes ro move one, and ſometimes 
the other Cyinder, with a moveable Leaver abour the cardinal 
Point. 

Fig. 53- This vertical Windlace is commonly uſed by ſea- 
men, Chiefly in great ſhips, ſo that thereby they take great 
weights into ſhips, and draw out great anchors which require 
great force, both by reaſon of their weight, as alſo to dig them 
out and draw them trom the earth, wherein they ſtick faſt; 
where in one thing is to be noted, that becauſe the Cables 
or great Ropes are oftentimes ſo thick, that if they are rolled 
about the Cylinder, and Spire is put upon Spire, they grow to a 
great mole, and render the Engin uſcleſs, therefore they turn 
only 3 Spires or 4 at moſt about the Cylinder, ſo that while a 
Seaman turns one end of the rope round it, the other is rolled 
away; Ard that it may always conlift in the middle, nor run 
through the whole Cylinder, the Cylinder is made broader ar 
the ends after the manner of a Cone, as you may ee in the 
Figure, for ſo the rope 1s kept in the middle. 

Fig. 54. There are reduced to the vertical Windlace or Axis 
in Peritrochio your leſſer water-mills, in which the water diſ- 
poſed in the wheel forces it ſo, that *the Wheel is moved 
Horizontally, and its Axes vettically ; We uſc this Engin when 
great ſtore of water is not at hand, and the greater the wheel 
is, the greater will the ſtrength of the water be, according to 
the proportion of the diameter of the Wheel to the diameter 
of the Mill; Burt in the ſame proportion decreaſes the velocity 
of motion in the Mill, for each turning round of the Whee], 
anſwers each turning of the Mill, from whence it happens that 
great care mult be taxen that the Wheel be not made greater 
chan is.requiſite, for if i: be there follows a ſlowneſs in the mo- 
don of the Mill, and the Engin is rendred leſs uſctull; likewiſe 


if 
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if the Wheel be made Jels than the refiftance of che Mill 
requires, there will be no motion, 

To the ſame Engine are recalled other Wheels, which how- 
ſoever expoſed to the wind, always turn round ; for t9 whar 
wind ſoever on one part, the Concavuy of the little hang 
turns, the convexity of the. other js alſo rurned,as if the wind 
blew dizealy according to the line A B, the wind wiltrouch 
the Concavity of the little hands A G B, and the Convexity of 
the lictle hand B A, bur then it makes greater impreſſion while 
It incurs in theConcavity,than while in the Convexity ; becauſe 
then it eaſily ſlips away, this Wheel js turned from A by G in 
B: And the impreſſion of the wind may alſo caſily be hingred 
ja che little hands A, and then it will be turned more yehe- 
mently, to wit, if there be placed ſome obſtacle. 

This kind of Windlace is uſed, as often as we uſe Animals, 
bur chiefly we uſe Mill-Horfes when we work Engins, ſuch as 
Mills, we grind all manner of Corn with, or Nuts, or Olives, 
or for the Extxa@ion of Oy] ; 1 omit feveral other Engins; 
which part of them are recall d to this kind of windlace. 
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PROPOS. IV. 
A Theorem. 
Of the double Axas tn Peritrochto, or a Wheel. 


Fig. ge. HE moſt part of vulgar Engins are not ſo fim- 
WP 'T ple, but wa oft tirges they contain a double 
Engin of the ſane 'kind ; I ſhall not infift upon che Compo- 
ſition, which may be made from a double or triple ballance,or 
jeaver ; becauſe for the moſt part ſuch compolure is uſelcts, 
whence the firſt Compoſition which may be made for uſe is 
the double windlace, and ſometimes a triple one, according 
as the thing requires : But becauſe as we have ſaid, the Wind- 
lace is recalled to a leaver, and that Continually, therefore it 
will ncrt be unprofitable briefly tro note, how wondertully a 
power is augmented by uſing a double Leaver ; for let the 
lcaver be A'B, its Prop C, allo let AC betoCB, as io tO1 
K Sure 


66 Mechamckh; Powers. Book III. 


Sure it is the Power applied in the point A, is equivalent to. 
ro Powers equal to it ſelf, applied in the other leaver DF, fo 
that EF be to. DE. as 10.to 1-; the Power placed in. F is equi- 
valent to 19 Powers equal to itſelf, in reſpe& of weight con- 
ftiruted. in. D :- But if the leaver DF impells the leaver AB, 
the Power F wilt be'equivalent.ro roo powers equal to it felf, 
in order to- a weight conſtiruted or placed,in the'point B. 

And the reaſon'is ctear, the point F hath 10 times greater 
motion than the. point D, bur when the point D is conjoined 
with the point A, they make.the fame motion ; but the point 
A-runs through 1o times a greater ſpace than the point B-: 
Therefore (by the firſt principle of. this) in ſuch difpotition of 
the Engin, the power conftirured in. the point F will be equi- 
valent ro 100, equal to it ſelf, in reſpe& of weight placed in 
the point B. | | 

Fig. 56. Which Doftrine is applicable to Windlaces, if they. 
are Fred in the ſame manner; as if the handle AC be 10 
times” greater than the Semidiameter of the Cylinder B, and 
the Rope: annexed to. the Cylinder yz moves the Windlace E, 
by the end of the handte D' F, which alto is io times as grear 
as the Semidiameter of the Cylinder E : I ſay the power A is 
roo times encreaſed with reſpe&t ro the weight G, which is 
manifeſt. | 

Fig. 57. Notwithſtanding, becauſe in this diſpoſition the 
Cylinder E abſolves only half the turning about, therefore 
this Engin is rendred uſeleſs in many effefts : Therefore it you 
would know the diſpoſition in which the leaver D E may al- 
ways draw, this will be, if the Rope be made (as they call it) 
perpetually turned round about the Cylinder A, encompalling 
the Wheel”-B C of the Cylinder D, and this Engin may be 
molt ufeful, eſpecially when the. rwo Cylinders A and D are 
diſtant from cach other Fgreat ſpace ; nevertheleſs ir hath 
this. inconvenier.cy, that oft times it happens that the Cylinder 
A is.moved alore although the Rope draw not ; and therefore 
they make the Cylinder A, rough with hollowings, and alſo 
they make knots. or balls in the Rope which enter into the 
tollowmgs, *and. ſtay the Cylmdcr that. it, cannot move alone, 
as in the Figure E appears plainly. 

Fig 58. We uſe the ſame Evgin, bur in a contrary. manner 
when the power overcomes the reſiſtance of the. weight by a 
tong fo:ce, bur a molt twiftt mation is demanded ; as it the 
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greater Wheel 'be A about: which: the Rope is folded, and-alſo 
abour the leſſer Wheel B; whole Diameter is contained ro times 
in the greater Diameter: 'Tiscertain thatevery.circumvolution 
of the grearer will anſwer 10 Carculations. of the leſſer ; but 
in this diſpoſition the power 1s leflened ; that js,; if-the power 
as + be applied ar the handle .C, you may. determine to raiſe 
ſome weight hung tothe Cylinder D, there. will be required 
a: power 10 times greater”. to take--it.up, if it'be hung on the 
Cylinder- E; Howbeit this I —_— uſeful, becauſe oft 
times/a-power overcoming a refiſtence ſuſtained by- a-great ex- 
ceſs, cannot otherwiſe conveniently. be: applied: So they which 
ſharpen Knives; and other edge Tools, on a Grindſtone, have 
greater force than to overcome that reſiſtance, whereby the Iron 
refiſts the morion of-the Stone while 1615s held upon'it,* and 
requires a ſwift motion only, which cannot: be-produced-from 
the power in' like manner, -becauſe *ris impoſlible ro move the 
Arm ſo ſwift : Inthis caſe an Engin muſt be uſed, which en- 
creaſes the motion, although ir leſſen the force of the power : 
This Engin is eafte, .and much uſed, and chiefly of Woinen 


| which Spin; alſo when they draw: our Silken Threads, or 


double them ;- alfo of thoſe that :polliſh pretious: Srones, of 
Turners; and of many others, and I wonder that 'tis not uſed 


by more. 


- 
—y 


PROPOS. V. 


Ro, Theorem. Wh 
Of. Wheels with Cogs, or Teeth. 


TT. 59- $0 Wheels are recalled ro Axis- in Peri. 
pF trochio, and are- eaſily. underſtood by a perpe- 
taal leaver; wonderful is the increaſe of - power in uſing fuch 
an Fngnn. . $599 | IC | Ko oF. 
For tince that while one Wheel- is ro rimes turned 
about, the other is bur only once turned round, it' cauſes cach 
Whecl ro increaſc in adecuple proportion,and therefore-as ſhall 
| K 2 bu 
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be demonſtrated elſewhete, a number confiſting of 5o Areth- 
metical Figures, is greater than the number of Sands which 
the Circuit of the Firmament can contain ; bur the 
number of each Figure added, increafes in a decuple propoti- 
0n, ard from thence the power follows. _ ; 

The Demonſtration. Let there be a power 1m A which. can 
draw to if {elf 100 nds, and let C D be ro timesthe Semi- 
diameter E F, and ſet there be ſo many Teeth jn the Wheel 
G, that E F may deſcribe ro orbs in the fame time that the 
Wheel G deſcribes one ; Moreover let G be 10 times turned 
round while the Wheel L adfolves one circumvolution, and 
fo on; I Gay, the Power, as 100 placed in A, is able to elevate 
a weight of x00000 

For fince the power in A runs through a fpace 10 times 
greater than the little Wheel EF, ard the little Wheel EF 10 
tines of the . little Wheel M, and the little Wheel M 10 
times more than N, and this again ro times more than the 
Cylinder GH: The power A runsthrough 100000 times greater 
fpace than the w P ;/ bur the power i increaſt according 
to the proportion whereby its motion exceeds the motion of 
the weight (by the firſt principle of this) therefore the power 
A in refpe& of the weight P, ts equivalent to x00000 powers 
equal ro it felf: bur A is ſuppoſed robe abk to draw to iu felf 

100 pound, therefore *ris equivolent to 10000 powers which 
can each draw 100; but r00e0 of fuch powers can draw 
1000000 ; Therefore the power in A, by the help of this 
Engin can draw 1000000 pounds, which was to be demon- 
rated. | 

But on the contrary the weight lofes as much of its force ; 
whence if inſtead of the weight P, a power be placed which 
can elevate 100000 pounds, and the weight in the point A 
can only cfevate a weight of one pound, but the lofs which, 
the power A ſuffers, is in time, for it ought, co make 1000 
Circumvolutions in the ſame ſpace of time that the Cylinder 
[, abſolves t. 

Allo this Engin 15 inverted,or changed, as often as the force 
abourds in the power, ai.d a moſt ſwift motion is required im 
the wy which may eaſily be underſtood by the foreſaid 
dilcourle, ro wit, if the handle be in the Axis I, 'tis certain, 


that the Axis D E makes 1000: Cucumvyoglutions in the ſame 
(ue that 1 orly makes ore. 


Prop. 
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PROPOS. VI. 
A. Fheorem.. 
To recall Toothed Wheels to the Leaver. 


Fig. 60. HE whole multiplication of a power by help 

of Wheels, is eatiy to recall to Leavers, yea he, 
that dilligently confiders the nature of Wheels, may eaſily con- 
ider the perpetual leaver in them, for each Cog of the Wheel 
is a Leaver, Which are ſubCitured. ro-chemſelves by rtarns, fo 
that one being deficient another ſucceeds. it. Wn 

And that we may conſider the ſame in the Multiplication of. 
tavers, let there be 3 leavers AB, DE, LH, andlet AC be 
twoCB as 11010; inlike manner DFro-FE, and E Eto IH: 
I ay the power as 1 in H in refpeR of the weight A, is.e- 
quivalent to 1000 powers equal to it ſelf. 

The Demonſtration. H is 10 times more moved than. E or F, 
and E 10 times more than D or B, and B ro times more than: 
A ; Therefore the motion of the power m H is 000: times. 
more than the motion of the weight in A ;. but if there ſhould: 
be only one leaver K M it would. be otherwiſe, for the leaver 
LM would be only 3o times the part KL, and fo the 
power. 7 M would be equivalent only to. 30 powers equal 
it ſelf. 

To this kind are recalled almoſt all Engins of any moment 
which we commonly uſe, and which in the following pro- 
pofitions I fhall: explicate, the Forces whereof if any one 
would conſider, in general he muſt meaſure both the motion. 
of the weight, and of the power, and compare them between. 
themſclves. 
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PROPO'S. VU. 
' A Theorem. 
Of Engines moved by Witer.. 


Fig. 61. A Mong others choſe Engines are *moiſt uſeful, 
| | which are rather moved by- Inanimate things 
than; by Animals ; - becauſe that Inanimate::things want not 
noutiſhment, and are never tired ar wearied ; bur Inatiimate 
things which are: wont to: Animate..Engines;. are likewiſe all 
thoſe things which cauſe Motion, as Water, Wind; Smoak, any 
kind of Weights, Springs, &«c. In this Propoſition I ſhall briefly 
handle thoſe Engins of that kind which are moved by. Warer : 
And I find that Water can move an.Engin in a double manner, 
<exther by-an acquired force which can equalize a . percuſſion, 
or ſimply by weight or. gravity, thus ſome Wheels are made 
which bear Water on one part; in which 'cis requiſite to know 
the preciſe proportion of the Axis in Peritrochio: So: that the 
weight of the Water may have the exact proportion of the 
Power, ard we ought to meaſure its force by the diſtance 
from the Axis, which -in ſuch caſe the | forces of the 
handles bears: but when running - Water moves an En- 
gine or Machine not by force of weight, bur by acquired 
force, that is done either becauſe Water 1s conveyed by a plane 
much inclined, or ranning into wings, or littie hands, bur 
which method is beft we will examine when we come to treat 
of Hydraulic Engines. | a FE 2. 
Fig. 62, Bur 'cis Certain that greater Wheels have moſt-force, 
for when in Windlaces the powet is moved by a longer handle 
its force is increaſed, but likewiſe a requitite time 1s ir.creaſt; 
whence I often find in common Mills unneceſſary Expences laid 
out, to wit, they make the greater Wheels winged, in which 
the Water dathes, iſo becauſe a ſlower motion ſhould follow in 
the Mill, they add a greater toothed Wheel which runs into a 
 Ikfler ; fo that while the greats makes one reyolution, the Mill 
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makes.8 Circumvolutions ; It is,ſufficient that the firſt wheel 
A B, equipt with little hands, be made lefs by one half, 
alfo the wheel CD to.be £ of thar;;. fo thar- EF ſhall make 
* only 4 Circumvolarians in each rotation: of the greater wheel 
AB; for the Water hath the'ſame force in reſpett of the Mill 
E F, in moving by only 4 ruirnings abour; 'and the Water wifl 
twice as ſoon'rarh the wheel 'A B, being leſſer by half; andcif 
we weigh or conſider” all theſe-things exa&tly, and according 
ro Mathematical Rules, the fame thing would happen if 
the wheel A B ſhould be eight rimes lefler, likewiſe C D ſhould 
be 8 times Teffer;; fo'thar each Circamvotarion of the Toorhed, 
or Cog wheel, ſhou;d anſwer each Circumvolution of the 
Mill E F. Lit 4 GO LORA 

Which things, as I have faid, are true, -precifely ſpeaking, 
notwithſtanding we muſt conſider one. thing, viz. That greater 
wheels becauſe they depart leſs from a right line, therefore - 
their lirtle hands are longer forced by the Water ; bur in leffer 
wheels each little hand+is {0oner elevated, whence .in-all theſe 
{ome mediocrity ought to be obſerved. 

Fig. 63. Not only. Milk for-grinding of Corn, - but alſo 
moſt other Engines, yea, almoſt all which are made in Water 
are reduced to this kind ; Firſt, all Mills for Corn, . which are 
made on the banks of Rivers, or thoſe that, are made in little - 
Ships,and in the middle of Rivers, or other -Engins which'are 
for grinding of Nuts,or of Bones to powder, &c. Alfo Engines . 
to make Paper, in which a wooden Cylinder of ſufficient mag- 
nirude ſtanding , our, furniſhe with little troughs, takes up 
wooden Mallors, which bruiſe and. break whatſoever is laid 
under them to pawder ; your Gun-powder Mills in like manner 
conſiſting in a Cylinder, equipt with like troughs, which take 
up Peſtles of Mortars; for in all theſe 'we muſt conſider. Axis . 
in Peritrccbio, as well in the wheel which the  Warer forceth 
or dfiveth, as.in the Cylinder and its troughs, taking up Mal- 
lots, or Peftles: 

Fig. *64. Likewiſe Mills for Iron, in which alſo a Cylinder 
equipt with little. hands, takes up and lets down an Iron Mal- 
fer of a ſufficient greatneſs. | | 

Fig. 65. And theſe are of divers kinds, according as they 
are diverſly required to be made, for ſome. are greater,and 
ſome arc leſſer, ſome pound oftner than others... 


Fg, 66. 
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Fg: 66. Saws alſo 'which are drawn up and thruſt down 
by the handle ; alſo there is another part of the Saw which 
belongs to another kind, wiz. to the Screw. Alſo Engines in 
which Bellows are wrought, or blowed, which belong ro the 
fame manner, as to motion upwards and downwards, but if 
four pair of Bellows are to be blowed rogether, the Axis oyghr 
'to'be made turning, or bowing, four oppoſite ways, that they 
may be moved in any order, and in each Quadrant. 
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PROPOS. VII. 
A Theorem. 


Of Engmes that work by the gravity of Weights, 


A Lſo Engines are moyed by Weights,and the force of their 
Gravity, as are our Clocks, notwithſtanding I ſhall ſay 
in general, that all thoſe Engines are nor fic to augment the 
force of Powers, but to ſhorten time, to wit, that chat may 
done in a ſhort time, which was wont to be done in a 
whole day ; that is, let an index of hours be moved in a whoke 
day, that it may ſhew the hours properly, if a man ſhould 
undertake that without an Engine, he would ſpend the whole 
day ; a weight being ſubſticured by a man in one minute, in 
drawing or winding up the weight, uſcs as much force as is 
necethry to move the Hand or Needle the whole day. 

The fame.1 ſay, of Engines for the turning of Spirs in con- 
venient places, which have nothing peculiar bur their motion 
of ſtaying,or ſtopping, which we ſhall treat of hereafter ; and 
theſe Engins are made after four manners, viz. with Weights, 
with Springs,by Smodk, and by ſome living Crearure walking 
in a Whee| ; of Weights and Springs 1 fhall ſay nvthing, fot 
"tis moſt certain I have found nothing in .them more than too- 
thed Wheels, and Axes in Peritrochio; and the Animals which 
are commonly made uſe of for the turning of Spits, are Dogs, 
bur Geeſe are better, for they will bear their Labour longer, 
ſo that if there be need they will continue their Labour 12 
Hours. Prop- 
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PROPOS. IX. 
A Theorem. 


Engines moved by Smoak, 


Fig. 67-Þ gies which are turn'd by Smoal:, thew plainly 

how much force is increaſed by Axis in Peritrs- 
chio, for what force can there be leſs ro impel and move a 
Weight than Smoak, nevertheleſs while this runs into the win- 
ged Wheel A B, all whoſe wings are bent in the {ame parr, 
if the wheels are ſo firted, that while C D makes four or hve 
Circumvolutions, the wheel E makes one ; and in like manner 
while the wheelE, or that annext to it F, is turned four or five 
times,the rightline G is only once turned ; A B makes 25 Circu- 
lations in the ſame time that Gyviz.the Spit makes one,I 1ay,from 
this multiplication of motion in the power, to wit, in the 
Smoak, or in the wheel, into which the Smoak enters, the im- 
pulſive force of the Smoak is increaſed 25 times, with reſpect 
co the reſiſtance of the Spit placed in the point G, arid 1 do 
not oy any thing more in this Engine worth our taking no- 
tice of, 


PROPOS. Aa 
A Theorem. 


-_ * 


Of Engmes working by the Wind. 


Flg. 68."PHe reaſon is the ſame of Mills turned by the 
Wind, in which alſo the fails are bent in the 
{ame part, for they are not directly oppotite to the wind, bur 
every one in on2 and the ſame part are ſomewhat oblique, 

| alntort 
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almoſt in the ſame manner that Boys make paper Wheels on 
a Reed; fo'thar while chey run and hold ir in the Air, "tis ea- 
fily turn'd, and becauſe the force of the Wind and the vio- 
lence 13 very ſtrong, the Mill makes more turnings about than 
the winged wheel in a contrary manner, as in the precedent 
Engine. And the ſame queſtion may be made of this kind of 
Wind-mili, which is made of common ones, to wit, whether 
they may not be more compendiouſly compoſed than com- 
monly they are made; for ſince by the multiplication of the 
Wheels the motion of the Mill is increaſt, whether or no ir 
would be better to make leſſer wings, whence it will come to. 
paſs that the firſt Wheel will compleat its revolution ſooner, 
and therefore there will not need fo much multiplication of 
the Wheels, that the firſt Mill ſhould obtain the fame motien ; 
"ris alſo worth our confideration that the wind is not applied 
in one place only, bur almoſt in the whole wing or fail, and 
cherefore the greater the ſail or wing is, the wind will nor 
only have the greater force, becauſe that it makes greater mo- 
tion in the extream with reſpe& to the motion of the mill, 
bur alſo more plenty of wind is adhibited, whence I think 
'ris better ro uſe longer wings or fails than ſhorter. 


The Art of Malls depends on Axis m Peritrochio. 


© reckon up all the Arts which depend on Axis in Peri- 
T rrochio would be a thing not unpleaſant, but almoſt an 
endleſs piece of work, and would be rather like a Hiſtory than 
a Theorey, in which chiefly write of the principal cauſes of 
Engines, ſhewing by what ingenuity every one may deſign or 
contrive Engins after his own manner meet for the purpoſe. 
And 1 thall infiſt a little on the making of Mills, that we may 
know how great proht we reccive tO the commodity of life 
from Axis in Peritrcchio ; and although thoſe that are chiefly 
ordained,are Mills for grinding of Wheat,and other Seeds, that 
bread may bz mad- of flower, yer ſome part of them are 
defizned to o:her uſes; for as much as the outer Wheel is 
common to all, which by water running into it, turns it and 
the Axis about. For if Wool, or Hemp, or Flax, be co be 
un ded, or ary budy groand to Powder, it old Rags arc _ 
c 
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be beat to pieces to make-Paper, little pegs or pins are fixt ro 
the Axis, -which in turning about meer with the pins of Fe- 
ſtles and raiſe-them, .and depreſs them, and their weight fall- 
-ing on the matter laid underneath, either batters or breaks it 
to pieces, or beats it to powder in Mortars. 

In the: ſame manher Peſtles may be diſpoſed to match wirh 
their hollow Cylinders, which being elevated by the little pins 
of the Axis, attra&t the water into the. hollow Cylinders, or 
ruſhing in. naturally they admir it through the Cells, then 
falling down by their gravity, they preſs the : Water through 
the Tub: .and force it to aſcend to an higher place. Or if 
you like not Peſtles fo great and heavy, and would force W4- 
ter to a higher place, diſpoſe a pair of Peſtles by a Rope, or 
Chain, pur througi the hollow of the upper Wheel, and paſ- 
ſing over the Periphery joins them, or rather overthwarr, 
like weights joined to a Beam, fo that while one is depreſt the 
other is raiſed. And the. pin of the Axis depreſles the Peſtle, 
by whoſe force the water aſcending in-the Tub is p:eſt, aud 
the other Peſtle being lifted up-draws the Water placed beneath, 
which in like manner is preſt dowa after that by the pin of the 
Axis anſwering its pinion; from hence it comes to paſs that a 
longer Axis may be added to the Wheel, and more -pairs of 
this kind of Peſtles in like manner may be diſpoſed, and the 
pins in the Periphery of the Axis ſo diſtribured, that nor only 
more Peſtles may preſs or force down together, bur every one 
after another, if the power turning the wheel be not alcogerher 
lo ſtrong, if nor, and it ſhould be ſtronger, you may depreſs 
more together, and raife thoſe that aniwer them ; unleſs by 
chance it pleaſe more,to make uſe of two pair of Peſtles in the 
ſame manner, with {o many pins placed in the Axis, that in one 
going round of the ſame Axis, the ſame Peſtle may be de; r: t 
WWiICe Or thrice. 

Moreover to this place appertains, what we ſez in many 
places in the Work-houſes of Hammer-Smiths of Copp-r or 1- 
ron, where alio the outer whect being turn'd abou:, ard ;i;- 
force of water failing, the inner wheel in the room turns as 
if it were turn'd by the hand, which radius of the up; er 
Axis is tixt parallel ro the Horizon, and a rule joined to i: th a: 
may be folded in the Joints, while it lifts up and depretles 7j-ac 
which is overthwart ; on the other end of the ſame Axis, ta- 
king up in like manner trom — depreliing from hence, 

> }. 
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it procures an altern or changable motion to the Bellows ; and 
the other wheel receiving a ſtronger force of Water falling 
down, and turning its Axis about, the pins fixt at the other 
end of the Axis depreſles the little rafter or leaver, whoſe op- 
poſite end being raiſed, is joyned to a great Iron Hammer, 
which beſides the fall of the Axis with pins of it ſelf, light- 
ing or falling upon the ſubjected copper or Iron being burnt in 
the fire, beats or hammers it. 

In all theſe the Semidiameter of the Wheelis to be conſider'd, 
in whoſe little branches ſtanding out the water running into, 
retains the force of the moving power ; but the Semidiameter 
of the Axis is not to be conſider'd alone, but alſo the length 
of the pins thar ſtick out to be added, fo that from both is made 
one only Semidiameter of motion which is communicated to the 
peſtle, or to the depreſt end of the Hammer or Sledge. I ſay, to 
the depreſſed end of the Hammer, for the elevation of the 
Hammer is ſomewhat greater than its depreſſion that a ſtronger 
blow may follow ; for neither the little rafter or leaver is alto- 
gether equally divided from its Axis on which it ſtays upon, 
but the Hammer is a little farther from it,than the oppotite end 
which is deprefled, and therefore the depreſiing force is greater 
than if the leaver were diſtinguiſhed into equal, parts. Like- 
wile 12 the motion of Bellows; firſt, the Semidiamer of the 
wheel is to be compared with the adjoining handle, moreover 
the radins fixt to the ſuperior Axis, mult be comparcd with 
half the piece that goes a croſs to which the Bellows are joined, 
and from theſe rwo proportions is compounded a proportion 
of motion,or movement of the power, to the motion or mor.- 
ment of the wcight moved. 

But yer in Mills whole grinding ſtone for Corn is turned 
round parallel ro an Horizontal plane, yea,and that very fwittly, 
that the grain may be dillolved into flower, 'tis not crough 
that the outer wheel-receives force from the Water turning the 
Axis fixt to it, but aifo the lower toothed Wheel is requircd to 
be in the fame Axis ; and that the members,or parts,of the En- 
gin be not multiplied in vain,. they commonly to difpoſe the 
Mill-ſtones, that the Iron Axis that ſuſtains the upper Mill- 
ſtone, being furnifhe with-a place to. turn, or run in, obtains 
the lower place, and therefore the runner,as near as may be 
touches lightly, the upper part of the neither toothed Wheel 
with its plane, haying the ſame Axis with the outer W _ 

ut 
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Bur if the Mill tones cannot be placed in a plane beneath, or 
above that which turns the lower toothed Wheel, but only 
a little beneath, or above, the Axis of the ſame Wheel ; be- 
cauſe the chamired turning Joint Joining very near to the 
Aiil-ſtone, and fo turning the Stone, is diſtant from the too- 
thed Wheel, and this doth not ſo convenienly admit of ſuch 
long Teeth which the ſame turning joints, or the little rods of 
the runner, ware able to mix With fitly ; thereforethere is re- 
guired another Axis perpendicular to the Horizon with a run- 
ner,and a fixt Wheel, which ſhall curn about the lower Wheel 
of this Runacr, forcing its little Rods with its Teeth; for the 
toothed Wheel parallel to the Horizon, being fixt to the ſame 
perpendicular Axis, is turn'd about rogether, anc being noined 
With the runner of the Mill-ſtone turns it round. 

Here allo are many proportions Compoundcd, the tuft 5- 
the proportion of the Diameter of the outer Wheel, to the Di- 
2meter of the inner Whecl in the ſame Axis ; moreover thc 
proportion of the Diameter of the Runner of the Mill-Rone ad- 
hering to the Mill-ttone turning round the Diameter ( whe- 
ther che whole Diameter be allowed, or only thar part which 
is the Diameter of the Circle in the rotation of the Mill-ſftone 
deſccibed from the point between the Centre and the middle of 
the Periphery ) and if, as in the ſecond cafe, the perpendicu- 
lr Axis muſt be placed between; belides in the Compoſition, 
comes the provrocion of the Diameter of the runner ro the 
Diamcter of the trovthed Wheel, perpendicular in the ſame 
Axis; from whence it appears to be betrer, that the Diameter 
of the inner Wheel be leſs than the Diameter of the outer 
Wheel, that the force of the Water forcing this may be more 
ſtrong; but ally we muſtraſte heed that we do not make it roo 
little, fo thar its nuniber of teeth ſcarce exceed the number of 
little Rods of the runner adhering to the Mill, for this wall 
Cauſe it tO 1n0V2 TOO lowly; and it the perpendicular Axis be in 
the middle, ſuppoling this equaiity of Teeth, and of the little 
Rocs of the runner, one turning round of the outer Wheel 
vill only once turn round the toothed Wheel parallel to the 
Horizon, and therefore in the ſame time the Mill will be on- 
ly ſo nay times turn'd abour, as the number of little rods of 
Its runner 1s Contained in the number of Teeth of the toothed. 
Wheel fix! in the perpendicutar Axis, 


But 
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Bat as you increaſe the number of times of ihe Mill's turn- 
inz roand,atke heed that the diftculty of moving in like manrier 
be not increaſt more than needs mult ; to wit, it the Diameter 
of the runner in the perpendicular Axis be exceilively leſs than 
the Diameter of the Toothed wheel in the ſame Axis ; if fo be, 
a power applied in the runner will be moved much ſlower 
than a weight applied at the end of the wheel with Teeth, 
and therefore the difficulty of moving increated: Wherefore 
all things muſt be wiſely adminiſtred, that neither the force of 
the moving power be tired in vain, nor the Mill be moved 
lower or {witter than need is. 

Burt if it pleaſe not, or the diſpoſition of the place permit 
not the middle Axis to ſtand perpendicular, bur ic happens 
more' coaveniently to be parallel ro the Herizon, then the Teeth 
o* the inner wheel having the ſame Axis with the outer wheel 
muſt not be fixt in the plane, but require to be faftned in the 
extream Periphery, that they may turn the runner of the ſu- 

zrior Axis, (whether greater or lefler, according as is needful) 
and with it the wheel that is Toothed, nor in the Periphery, 
bur in the Plane, from which the runner of the Mill is 
rurned. 

Neither otherwiſe than before, is the proportion of force 
compounded, to wit, of the proportions of Tyimpancs or 
Water-mill wheels, or Crane wheels, which have a common 
Axis, a5 appears from what hath been faid. 

Hence we obſerve, becauſe the moving power is Water, 
that the form of a whecl receiving Water is not to be always 
the ſame; for thoſe wheels which are placed in a running 
Water would be inconvenient if they have a very large Diame- 
er ; or it bur a little Water falling,the Impctus or force will be 
repelled, if the little hands be prepared to ſmall. Therefore 
"wheels of this kind ſhould have inditfterent Dijameters, but the 
little hands pollcts a very contiderable part of the Axis, being 
difplaid very nigh the lengrh of the Axis, that ſo by much 
Water running into them they turn round with a ftronger 
force ; ſo in the River Pce in Iraly, commonly the length of 
this whecl is 15 Fecr, the whole Diameter 9 Fect ; the Dia- 
mcter of the neither Stone is 8 Feet 3 Inches, having 108 
Teeth fixed in the plane, and the runner of the Niill is G&j- 
finguiſhed into 9 Spindles ; ard the Stone of the Mill in thick- 
neſs 6 or 7 Inches, and it5 Diameter 3 Fect 9 Inches: Bur 
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becauſe the motion of Water falling from 0: high is . greater 
than of a running Water, therefore the Diameters of the 
wheels ought to be larger if there be need, and ir ſuffices if the 
breadch of the little hands be very indifferent, as being in- 
cluded in a Channel or Pipe, by which the Water falling de- 
cays, Or is loſt : That is to fay, a lictle Water faliing from a 
Plane more elevated, hath greater force than from a Plane al- 
moſt Horiz;ntal ; and belides a wheel of a larger Diameter is 
eaſier turned although from lz{s water, for it hath greater 
proportion to the inner whecl from the other pairs. More- 
over the little hands commonly are plain, or but little bent, 
ſo that the water may run abroad here and there ; neverthe- 
leſs ſometimes they are concluded © cach part with a ledge, 
or welt, as it were a little Vellel containing water for ſometime, 
ſo that the weight of the included water helps the turning, by 
preting downwards ; Moreover in an inclined channel, the 
force of the water is greater in the lower part than in. the 
upper near the beginning of ihe fall; ro wit, becauſe water 
naturally deſcending hathan accelerated motion, and acquires 
an impetus from the deſcent of the antecedent. 

Hitherto we have conſidered of Mills which are drove by 
the force of water, adding nothing concerning thoſe which 
are turned by Men,or by living Creatures, for theſe have no- 
thing peculiar, beſides that the Axis of the- firſt wheel which 
prozures the motion of the reſt of the conſequent parts, is 
perpendicalar to the Horizon, becauſe a power moves eaſier in 
£N Horizontal! plane, than in a vertical wheel, or Tympane, 
which is trod or trampled on ; and. inſtead of the outer wheel 
driven by rhe water, a Bar is fixt to the Axis, which they ec1- 
ther draw by Cattle, or work with Men. 

Notwithſtanding we will ſay ſomewhat of Mills which 
are wrought by the Wind, whether they be for grinding of 
Corn, or bruiſing of Fruit, or whether they be for working 
of Pumps, whereby waters are drawn from low grounds that 
are overflowed : For that which belongs to the inner arrifice 
of wheels and runners, are like thoſe which are found in our 
Mills moved by the force of water, unleſs that in thoſe, that 
being remote from a level plane ( if fo be a fir place be grant- 
ed, and the wind caught by a large van) they aſcend by a 
pair of Stairs, and the Corn, or Fruit, is carried into the upper 
place which they intend to grind, bryiſe or break, _ the 
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Flower is transferred from thence : - which labour the Miller 
may be eaſed of, if by the ſame labour whereby the wind 
rurns the prime Axis with its wheels ; Sacks full of Wheat, or 
Flower, may be taken up,or let down, with a Rope drawn a- 
bout the Axis, being lapt up, or unfolded : That which is 
chiefly to be conſidered in this kind of Mills,is that which per- 
tains to the Vans,or Sails, which receive the wind, for even as 
the plane of the wheel 15 not directed according to the running 
of the water, ſo neither have the Sails ſuch a diſpoſure thar 
they follow the leading of the wind : Bur the upper part of 
the lictle Houſe wherein the Axis with the Toothed wheel is 
contained, 15 turned abour until the Vans, or Sails, are 1ct a- 
gainſt the blowing of the wind. 

And the Vans or Sails are as it were 4 Ladders conjoined at 
right Angles in the end of the prime Axis, each whercof is. 
covered over With Linen Cloath to refiſt the wind, which *t ir 
be pretty ſtrong, the folded part of the Cloath will admit of 
ſome paſſage to the wind ; notwithſtanding theſe Vans or 
Sails, are not ſo equally placed, as to be in one and the ſame 
vertical plane, bur the plane of each Sail is placed c/:que ro 
the other ſide, withdrawing it ſelf by little and little from the 
wind ; whence it makes the wind running berween the inter- 
vals of the four Sails to repel on the tides, and as it were to 
ſmite the Sails by an Elbow, and ſo the Axis is turned accord- 
ing to the Inclination of the Sails ; for if there were no cbliquity 
of the Sails, and all as it were made one plane in which the 
Axis would be perpendicular, it would be uncertain in which 
part the turning would be ; that which belongs to the breadth 
or length of thete kind of Sails obliquely placed, 'ris not doubt- 
ed bur that the breadth of them Ws on the motion very much, 
becauſe being placed in the ſame ebliquiry, a greater part of 
the Air runs into a largcr than a narrower Cloth; and in a 
very ſtrong Wind, leaſt the velocity of the Engin be over much, 
we find ſometimes that covering half the Sails with Cloth 
will do; but whether or no 'tis worth while to encreafe the 
length of them, is uncertain: For although a power more di- 
ſtant from the centre of motion hath more force, notwithſtand- 
1ns, becauſe the ends of long Sails are very much diſtant be- 
tween themſclves, the wind having obtain'd a larger ſpace, 
hath Jets force ; as alfo water flows ſwitter, and with a greatcr 
endca- 
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endeavour through a ſmall narrow place, than it runs through 
a wide open Channel; therefore I dare not intirely define in 
theſe kind of Sails, in what place the forces. of the moving 
power ſhould be placed, as it were in the centre of vertue, or 
force; for near the Axis. ro which they are faſtned, the di- 
ſtance is ſmall, and the Wind as it were their obje&t being 
ſtopped, blows more ſwiftly : And further from the Axis in a 
greater ſpace, it ſlides away more eaſily, and leſs incites the 
courſe of the Sails ; bur for as much as we muſt not rafhly 
appoint the compreſſion of the wind altogether to an{ſwer the 
Changeable diſtances of the Sails, which are in the ſame pro- 
proportion as their diſtance from the Axis ; neither can it ea- 
lily be affirmed, that the force of the Wind by compreſlion 
doth decreaſe in the ſame proportion, whereby the ſame mo- 
tion increaſes by the diſtance from the Axis, from whencethere 
would be a compound motion of the diſtance trom the Axis, 
and of the force of compreſſion to be equally dittuledrhrough 
the whole length of the Sail or Vane, and therefore the centre 
of the moving force would be in the middle of the lengrh. 
Nevertheleſs all things rightly conſidered, I eſteem the centre 
of this force to which the power is underſtood to be applied, 
ro be not far from the middle of the length of the Vane or Sail, 
unleſs by chance the Vanes ſhould be ſuch, that their breadth 
be increaſt by departing, or being placed further from the 
Axis, for ſo the diſtance being leflened in the ends of the Sails, 
che Comprellion of the wind is likewiſe increaſt. 

Bur if you imagine any inconvenience to happen, by the 
Poles lying upon the little Houſe, and its being turned { », as 
che ſails to be again the wind which they receive ; you- may 
on the top of the Houſe in an open place expoſcd to all Winds, 
place an Axis of ſufficient ſtrength perpendicular to the Hori- 
z0n, about which you muſt place the toothed Wheel pa- 
rallel ro the Horizon, from whoſe turning abour, the Mull ar 
laſt is turned; and the breadth of the fails according tro the 
length of the Axis, muſt be placed in the {ime upper part with- 
out the Roof, that the Wind blowing, they may receive the 
force of ir; even as Water flowing, the farce is received by 
the little hands of the Wheels. Bur becauſe plain even ſails, 
ſeem lets apt ro continue the rotation, fince thoſe which are 
oppolite ro the Diameter, are at lift equally expotcd to the 
force of the Wind, and would be forced neither to the _ 
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hand rather than to the left, and therefore the turning round: 
would ceaſe ; therefore the ſails ſhould be made a little crook- 
£4, or bowing, for by rhis reaſon they will be made fo, rhar 
the oppoſits will be unequally preft on, and the Wind will at- 
rack with unequal force the convex face of the right, but the 
hollow face of the left Sail, to wit, it doth as it were remove 
it ſelf ro the Wind, neither is the end of irs motion very much 
oppoſed, according to the bowed direction of the Wind ; and 
I make this hollowing fo bending every way, thar receiving 
the Wind, ic receives its whole force: Moreover the particles 
of Wind incurring in the two Sails that are next each other, 
are refleted from the convex of one face to rhe hollow of the 
other face, and increaſes the force, or impulfion ; bur if 
you pleaſe not to have four, bur five Sails, leſt at any time 
two be oppoſed by the Diameter, I ſhalt nor deny it. Cer- 
tain it is, that the length and breadth of thefe kind of Sails 
help very much, for the larger they are, the more wind they 
receive, and the longer they are, the further they be from the 
centre of motion, and have more force : But how the Machine, 
or Engin, muſt be ſtopt or ſtayed by folding or unfolding the 
covering of Cloth, that it do not work when the Miller would 
have ir ſtand till, I ſhall not here diſpute, where we are only 
conſidering the force of moving ; neither doth the ſole ufe of 
this Mill conſiſt in grinding of Wheat,or other Grain, bur alſo 
in railing and turning waters another way, that marſhes may 
be drained, and other things of the ſam: kind, which preſent 
body always moving, they are not tyed to a certain time, c- 
ven as in th work of grinding, which is not always uſed, 
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Pully is an Engin conſiſting of one or more little wheels 

curning eaſily about their Axis, in which a Rope being 
drawn about the wheel, we draw, or rajſe a weight; there is 
no need of a larger Definition, fince almoſt every one knows, 
and hath ſeen this kind of Engin, although there are very few 
that underſtand their force rightly, or wherefore they are u- 
ſed; and ſometimes 'tis wont to be uſed with one wheel only, 
and then *tis called 1Mono/paſtos, or of a double wheel, and is 
called Di/paſtos, or 'tis trebly multiplied, and is called P:!ys- 
pajtos. 


PROPFUSS £4 
A Thorem. 


4 Single imnmovable Pully nether adds nor dini- 
mſhes Force. 


Fig. 6g. | Sie there be a ſingle immoveable Pully A B, ſo 
thar the wheel only is turn'd about its Axis, and 

let the ſnatch block be immovable ; 1 fay, that Pully will nor 
M 2 Eh 
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encreaſe the force of the Power, properly ſpeaking, ſo that the 
whole advantage which accrues from ſuch an Engin, is, that 
the Rope be not worn, and that difticuky ſhun'd which ariſes. 
not exaCtly from the weight, bur from the wearing of the 
Rope. 

The Demonſtration. An Engin then helps not the Power, 
when the motion of the Power and of the weight is equal ;. 
bur in the caſe propoſed,the motion of the weight,and the mo- 
tion of the power are equal, which I thus make appear: Firſt, 
underſtand the weight in D, and the power in E, draw the 
Rope, and the power drawing the end of the Rope deſcends 
in the point G, and in the mean .while the weight D aſcends 
in H, becauſe in both fites or poſitions the length of the Rope 
is not Changed, D A E will be equal ro the Rope HA G, and 
by ſubſtrafting the common ſegment HA E, there remains 
che lines DH, E G equal; bur E G is the motion of the pow- 
er, HD the mation of the weight ; therefore the motion of 
the weight and of the power are equal, wherefore the weight 
js neicher increaſt nor diminiſht, and the power hath the ſame 
force only, becauſe if by it {elf ( no Engin intervening ) it be 
joined to the weight, ir moves ſo much as the weight ; there- 
fore the force is increaſed nothing by this Engin;; which was 
to be demonſtrated. 


_ — 


PROPOSE. 
A Theorem. 
Power is eafily applied by a fmgle ummovable Pull. 


pp there berwo Powers; ſuppoſe Men,raiſing equal weights, 
and let one uſe a Pully, and the other no ſuch Initru- 
ment, I fay, the firſt can eaſter apply his force or ſtrength co 
ſuch weight, than the ſecond ; for either the weight will be 
placed beneath the Man, or above : If the firſt, the endeavour 
will be ſo, that the tractive force of the Man in ſuch caſe will 
be poſited in this; that the Man will be a little bent, the force 
of the Nerves will endeavour to reſtore themlelves ro we; 
wonte 
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wonted re&titude, or ro hinder ſuch bending or crookednelſs ; 
therefore when a weight is taken up in this manner, oft-times- 
the endeavour 1s in the knees and the whole Body ; or the 
weight to be raiſed is placed in an upper place, and then in 
like manner we muſt have recourſe to the force of the Nerves, 
but when we uſe a Pully hung in an upper place, we may ap- 
ply the weight of our body, beſides this kind of force of the 
Nerves, and oft-times- without any endeavour of the Nerves, 
therefore *tis nor ſo troubleſome. 


PROPOS. ME 
A Theorem. 
Large Pullies are moſt uſeful. 


Fig. 71. Lithough as I have ſhewn in the firſt Propoſition, 
that one Pully whoſe Snatch-block is immova-. 


ble, neither increates nor diminithes the force of the power ;. 


nevertheleſs we have {aid alſo, it adds to the facility, becauſe 
that it faves the wearing, or rubbing of the Rope, bur there is. 
tuund ſome, although bur lutle reſiſtance, in the Axis of 
the Pully, which ought to be turn'd about ; I fay, this ditficul-- 
ty Will be leliened, by how much the Orb of the Pully is grea- 
ter, for than the Semidiameter of the Pully, or Rundle, is as 
ir were a Leeaver,” and the Semidiameter of the Axis as it were 


a Cylinder in a whee), or Peritrechio; and by how much greater - 


the proportion of the handle is to the Cylinder, ſo much the 
caſter 15 the motion ; as becauſe there 1s greater proportion of: 
the line G D, to the radius of the Axis, than of the line G B,. 
the reſiſtance is eafier overcome, which is made in the circum- 
tcrence of the Axis, while the Pully is turned about it. 

There is alſo anorher conveniency in large Pullies, to wit; 
chat the Rope is not ſo often folded, ar.d conſequently nor. fo. 
much rubbed, or worn ; bur I ſuppoſe alwaies Pullys to be 
movcable about their Axcs, for it they. ſhould not, we. muſt 
reaſon otherwile, 
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A Theorem. 


A Man may take up a Weaght heavier than himſelf 
with a fmgle immovable Pully. 


FI" 3is Queſtion hatch been pur to me more than once, whe- 
T ther or no a Man can take up, or raile a weight heavier 
than himſelf, with a fingle immovable Pully ( I always under- 
ftand the Snatch-block immovable ) or whether a man thar 
weighs 150 pounds, Can raile a weight of 200 pounds ? Bur I 
devide the caſe, ro wir, cither a man fo fingly f{tands, that ihe 
force of his weight, or gravity, only inſiſts on the Pavemer , 
or hi3 Knees, and his whole hody fo indeavours, that the torce 
of. this endeavour adhears to ſome other Body; it this fecor.d 
happer, a man raay clevate a weight heavier. than him. it, 
to wit, becauſe, belides the weight of the man which may be 
all applyed, there may be alto a contrary endeavour from the 
reſiſtance of the Nerves, ſo that while I would take up one, 
with the Pully I rake up more ; ſome Knees endeavour ſo, that 
they cleave to Benches, or Formes, and lift up the Berch:s to- 
gether with them, whence from ſuch endeavour an union 1s 
made of the Benches with the Man; that I may better explain 
my ſclf, ſuppoſe a man has 5o peund weight upon his Feet, 
and both his hands to lay 601d on a Rope faltned in an uppcr 
place, 4t the weight on the other part be very great, the man 
may by hanging on the Rope litt up his Feer, and clevate or 
raiſe the weight of 50 pounds, in which caſe, betides a weight 
equal ro himtelf, - he may clevate 50 pounds. 

Bur it he fingly ſtands on the Ground, experience teaches 
us that he wilt only elevate r50 pounds. 

But we mult argue otherwiſe in drawing of weight inſiſting 
on the ground, or on an inclined plane, for fince weight doth 
not preciſcly retift an Hcrizonta! motion, a Certain rule Can 
icarce be made ; for ir depends on the evennels of the body 
on which the weight ſtands, or lies. 
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PROPOS 
A Theorem. 


Many mmmovaible Pullys neither encreaſe 107 diminiſh 


the force of a Power. 


Fig. 92. Fr the ſeveral Pullys be EF G, whoſe Snatch- 

blocks are immovable; I ſay, although we uſe 
them altogether, the force of rhe power 1s neither augmented 
nor dimiviſhe: For let the power be in A, and the weight in 
C, draw the Rope in B, and the weight aſcends in D. 

Tre Demonſtrat cn. Forces of Powers are neither diminiſte 
nor increaſed by an Engin, when the motion of the power is 
equal ro the motion of the weight, but in this caſe ir thus 
happens ; for when te Rope A ELFGC, is the ſame by ſup- 
poſition, 45 the Rop2 BE F G D, they will be equal, and the 
common ſegment A E F G D bcingtaken away, there remains 
D C equaito AB; bur AB is the motion of the power, and 
DC the motion of the weight, therefore the motion of the 
power, and of the weight are equal, and therefore rhe forces 
of the power are neither increalt nor decreaſt, which was to 
be demonſtrated. 


PROPOS. VI. 
A Theorem. 


I Weaeht hung to a movable Pully us half part is 
Demmfſhed. 


Fiz. 73.Þ. It tic Pully be A, and its Snatch-block movable, 

ard a weight hung to it, and the power in D; I 
fay, the weight will be lefſencd an half part, ſappoſe the pow- 
| hat the Pully A afcend ts E. The 


Cr io blo ngved, 


$8 Mechanick Powers. Book IV. 


The Demonſtration. That the Pully A be placed in F, the 
power ought tobe moved as much as the length of the Choregs 
CF, GD, for from the point C to D, is the ſame diſtance as 
berween F and G; but CF, G D taken together, are double 
the ſpace A E, to which the motion of rhe weight B is equal 
as appears, therefore the motion of the power is double the 
motion of the weight ; but ( by the firſt principle of Mecha- 
nicks) as often as the motion of the power is doubic the mo- 
tion of the weight, the whole force of the power is doubled ; 
therefore in our caſe the force of the power is doubled in or- 
der to ſuch weight, or which is the fame, the weight is di- 
miniſht an half part, which was to be demonſtrated. 

Bur if in ſtead of the Hook C, there be added one power 
which ſhall be equally moved with the power D, we ſhalt 
find by tryal only an half part of the weight, in the fame 
manner as if they bore two weights equally diſtant, hung to a 
Beam or Leaver. 


PROPOS Ya 
A Theorem. 


A Power applied to a moveable Pully, dimmſhes an 
half part, m reſpect of a Weight bung on one end of 
a Rope. 


F'5. 7&TF in ſtead of the weight B being hung, a power be 


7 applicd to the ſame Puily, and the weight hung ro 
the Rope D, I ſay, the force of the Power is diminitht an halt 
part. 


The Demenſ(tration. As I ſhewed before, the motion of the 
weight will be double the motion of the power, and there- 
fore ( by the firſt principle of Mechanicks) the forces of the 
power are leſtned, and the forccs of the weight increaſcd ; 
which may likewife be ſaid of two weights, to -wit, as when 
the weight B of 100 pounds is made in equz/ibrioin the point D, 
or which way ſoever the Rope G D ſhall require 50 pounds. 
Cordl- 
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Hence it follows,that an immovable Pulley is a Leaver of che 
firſt kind, of equal Armes, and a movable one is a Leaver ot 
the ſecond kind, or in like manner of the third kind, of equat 
Armes. 


PROPOS. VII. 
A Theorem. 


If to move he Wheels of a Dual, or Clock, for 1 2 Hours, 
there be required a weight of 50 pounds, and the 
weight deſcend 20 feet, keepmg the ſame deſcent, 
awerght that ſhall move the Clock 24 Hours will rc- 
quire to be 100 pounds, 


Tz propoſition which may eaſily be deduced by the Coro:- 

lary of the precedent propoſition, becauſe of the com- 
monnelſs of its uſe, may be propoſed in this manner ; ſuppoſe a 
common Clock thar requires a weight of 50 pounds to keep It 

' In motion, and ſuppoſe the place where the weight deſcends to 
be 2o foot only, and this deſcent ſerves for 12 hours; and we 
would, keeping the ſame deſcent, have. a weight to ſerve tor 
24 hours, I delire the magnicude of the weight ; I fay, the 
weight required muſt be 100 pounds. 

The Demon. Suppoſe the motion of the Clock and its reſiſtance, 
to be after the manner of the morion of the other weight, 'ris 
certain bythe ſuppoſicion that the reſiſtance of the Clock for 12 
hours, is leſs than of a weight of 5o pounds being movable 
20 feet ; but the motion of the Clock for 24 hours is double of 
thar which is made in 12 hours, and in like manner a weight 
of 100 pounds as movable 2o feet, is double of a weight of 
50 pounds that moves the ſame ſpace, therefure the motion of 
the -Clock for 24 hours will be'le{s than a weight of 100.pounds 
moving 2o feet, and will be excccded by the ſame excels. 

And 


90 Mechanick, Powers. Book IV... 


And the way to fir that weight is caſte, for if it be required 
preciſely ro move in a time double tro that wherein ir did 
move, it may be done with no. charge by. help of a Pulley, in 
that manner as. is ſhewn in the 7th Propoſition, viz. If the 
Rope be faſtned firmly ar one end, and the other end join 
Cloſe to the Cylinder of the Clock. 

Bur if another leſs proportion be required, to wir, as z to 3; 
Or as 3 tO 4, the Diameter of the Cylinder on which the Rope 
goes abour in the Clock muſt be leſſened; according to the 
proportion given reciprocally, that is, if for example it be re- 
quired, that the weight of the Clock ſhould move 18 hours, 
when before it moved only 12 hours, the Cylinder muſt be 
leſſened according to + part of its Diameter; but if there be 
required a quadruple proportion, two movable Pulleys muſt 
be made uſe of, Laſtly, If a proportion much greater be re- 
quired, add one Wheel-to the Clock. 


— _—_ 


PROPOS. IX. 
A Theorem. 


in Diſpaſto, or two Pulleys, if the cord of a movabl: 
Pulley be only turned about the Wheel, and ts not 
faſtned to its Snatch-block, or weight, but to the 
immovable point, the power ill be only doubled, 
which draws by the other end. 


Fi9. 25> —_— there are many ways which Ropes may 
— be pur avout Pulleys, from whence follow ſeve- 
ral augmentations of a power ; I will undertake to explain 
this in the firſt place, ro wir, if one end of the Rope AD CE be 
taſtned in the unmovable point A, or to any other point, as 
the point B, and be turn'd about the Pulley D, then about the 
Pulley C, and be drawn by theend E ; I fay, the force of the 
power placed in E, with reſpe&t to the weight hanging at D, 
is doubled. 

The Demon{iration, The point E 15 equally moved with the 
Point 
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point F (by the firſt of chis) but the point F is moved with a 
double velocity to the weight hung in D, (by the 7) therefore 
the point Eis moved doubly ſwifter than the weight D; bur 
E is the place of the power , therefore the power is moved 
doubly {wifter than the weight, and (by. the firſt principle of 
Mechanicks) the force of. the power E is Joublel ; Which 
was to be ſhewn. ESSE G2 : 
Secondly, Let-the end E be firmly fixt, or unmovable in the 
point E, and draw the Rope upward from the power placed 
inthe point A ; I fay, in like manner the force of the power 
is doubled, and the Pulley C is uſeleſs. - | | 
The Demonſtration. When the Segment of the Rope E.C F 
in this caſe is immovable, it will be the ſame as if the Repe 
were faſtned in the point F, and one Pulley uſed only, bur 
(by the 6th of this) one Pulley placed in this manner, doubles 
the force of the power, therefore alſo in this caſe, the forces 
ofthe power are doubled : Which was tg be ſhewn. 


Corollary. 


Hence it follows, that if the power be D, and the weight in 
E, the end of the Rope fixt in the point A; I fay, that in 
this caſe, when the motion of the weight is doubled, the 
force of the power is leſſened. 


P*R OPOS. 'X. 
A T hcoreny. 


in Diſpaſto, or two Pulleys, if the end of the Rope 
be 4 pos to. the movable Snatch-block,, and the 
rope be turned about the ſame wheel, the power will 


tripled, or threefold. 


Fig. 75. I Et the end of the rope be faſtened in the poirt 1 

of the movable Snaich-block, then turn it bout 
te Whecl of the unmovable Snatch-block B; and 24m, turn 
IN 2 | 


it 
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it about the wheel of the movable Snatch-block I, and ler 
the pawer be in the point C, drawing the rope upwards. I 
ſay, the force of the power is tripled. 

To? D:mmſtration. Suppoſe the pawer C fo to be moved, 
that the Palley I, rouch the Pulley B.; In this caſe there is left 
only ſo much of the rope as is required to compaſs both the 
wheels, to wit, as much as the portion F BE, and G HI, 
and the mation of the drawing power from C is equal ro the 
reſt of the rope, or to the partes AE, F G, HC; but thoſe 
parts taken together, are triple the motion of the weight, ro: 
wit, the line I E, therefore the motion of the power is triple 
the motion of the weight, therefore the forces of the power 
are tripled : Which was to.be ſhewa, 


PROPOS. XI. 
A Theorem. 
In Tripaſto, or three Pulleys. If Iwo Pulleys are 


emmovable , and one only movable, the power ts 


trapled. 


Fig. 76. Hg there be three Pulleys, wherein rwo of them 
. A and B are immovable, or immovable in the 

Snatch-blocks, and ler the rope- be faſtned in the point C ; 
then turn the rope about each wheel, as you ſec in the figure, 
and let the weight be D, and the power in E: I fay, the 
power 1s tripled. | 

The Demonſtration. The pointE is not more moved than the 
point F, and therefore the Pulley B is only uſed for convenien- 
cy fake. But the point F (by the 10th of this) is moved triply, 
or threefold ſwifter than the weight D, therefore-in this difpo- 
{1t1o0n the power is triplicated ; which was to be ſhewn. 

Bur the end of the rope C could not be faſtned to the up- 
per Snatch-block, otherwiſe one of the upper Pulleys would 
have been uſeleſs, | 


PROPOS. 


Mechamck Powers. 


row — 


PROPOS. XI. 


A Theorem. 


In Trifpaſto, or three Pulleys, two of them bemg 
movable in the ſnatch block, quadruplicates the 


power . 


Fig. 97. F there be three Pulleys, wherein the two lower: 
ones A B are moveable; I ſay, the Power in C 
in this-caſe is Quadruplicated. 

The Demonſtration. Underſtand the power C tobe ſo moved 
in drawing the Rope, that the Snatch-block A B, touch the 
Snatch bluck E, there 1cmains «bout the Pulleys a Segment 
of the Kope equal to the Segments DE F, I BK, GAH; 
the reſt are drawn by the Power, and meaſure the Motion of 
the Power : Bur the Segments D I, LG, FH, CK are qua- 
druple the ſpace L G, therefore the Motion of the Power 
is quadruple ; which was to be ſhewn. 

Notwithſtanding, becauſe this kind of drawing upWards is 
inconvenient ; a Pulley ſhould be added in the Upper Snatch- 
block, and then its force will be quadrupled, for the Pulley: 
!s only added for conveniency. 


PROPOS, 
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PROPOS. XIIL 


A Theorem. 
Tf the Lower Snatch-block, be moveable, and the Power 


draw upwards, the Power 1s ſo many times multt- 


plied as are the drawing of the Chords. 


Pig. 77. Brod the Snatch-block A B be movable, and the 

Power C draw upwards ; or that the Propoli- 
'tion may be more Univerſal, let ic draw againſt the immove- 
able Snatch-block, then the Power is multiplied ſo many times, 
as there are drawings of the Chords, becauſe then cither the 
end of the Chord being faſtned, is in the upper place, and bes 
inz drawn, the pairs will be doubly more than the lower 
Pulleys; bur the lower Pulleys double the Power, and by the 
demonſtration, if there be one below, there is no necd of the 
upper one, as is ſh:wn in Prop. 6. and the force is doubled ac- 
cording to the proportion of drawing. IF there be two below, 
and one above, '"tis ſhewn in the precedent Propotition, that 
the power is quadruplicated ; and ſo of thereſt. 


CT "OS Aa — PI 3 
mm "_ 


PROPOS XV. 
A Theorem. 


Tf the lower Snatch-block be movable, and the power 
draw downwards, the force of the power 1s ſo ma- 
ny times multiplied, as there are drawing of the 


chords, one leſs. 


, Ov. IS ſhewn rhar the force of the power in 1 
is the fame as in FE, bur if the power be in |, 
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and its force multiplied according to the number of drawings, 
ro wit, triplicated, and in E there be added one drawing of 
the Chord ; this drawing of the Chord, which is added, in- 
creaſes not the force, therefore ought not to be computed: 


— A— 


PROPOS AS 


If the lower Snatch-block be movable, and the rope be 
aſtncd to the movable Snatch-block , any lower 
Pulley doubles the power , and renders one upper 
power ouly equal to the werght. 


" Ft there be avy number of Pulleys in which the Snatch-block 
of the lower 1s movable, to which faſten the end of the. 
Rope; I ſay, It there be ore upper Pulley, the power isequalto the 
weight ; it one be added below the foice of the power is 
doubled,and ſo the power will be triplicated,but the reſt of the. 
upper ones add nothing, that is, if there be rwo upper ones, 
the power vill remain tripple of it {cif ; if another be added 
below, it will be quiztuple, and ſo on, which are all demon- 
ſtrated, particularly in the foregoing Propoſitions. 


—_s Le 


PROPOS AVE 


IF the lower Saatch-bluck be movable, and the rope 
faſined to the upper, as many Pulleys as are below, 
fo many times the power 1s dcubled, the upper ones 
/[ erVc only for CONVENLency. 


F* any number cf Pulleysin which the Rope is faſtned ro an 
immovable Snatch-block, the power is fo many times dou- 
bled, 
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bled, as there is lower Pulleys, or in a movable Snatch-block : 
Thar is, if only one be in the movable Snatch-block, the 
force of the power is doubled ; if two, *tis quadrupled ; if 
three, 'cis equal to ſix powers, and fo on, ſo thar no propor- 
tion ought to be had of the upper Pulleys, or of their being 
in an immovable Snatch-block. 

The Demonſtration. *'Tis ſh:wn in Prop. VI. char "cis ſo in 
one Pulley. In Prop. IX. 'cis ſhewn to be fo in two Pulleys, 
to wit, that the power in both caſes is doubled. In Prop. Xil. 
in three, or more Puileys "cis the ſam? ; the like proportion may 
be demonftrated in others. 

Whatſoever is ſh-wa coacerning the raiſing of weight up- 
wards, is to be underſtood of any other motion, whether 
Horizontal, or any other, to which weights reliſts, alſo of any 
reſiſtance that w2 undertake, to overcome by Pulleys. 

Allo as we compare the power with the weight, we may 
in like minner compare tw3 weights between themſelves ; 
likewiſe if you place the power in the place of the weight, 
and in like manner, if the weight obtain the place cf the 
power, the weight will be increaſt with reſpe& to the power, 
or the power diminiſh, which words are all of, one ſ1gnitica- 
tion ; and the moving power may obtain the place of the 
weight, as often as the forces are abounding ; bur a muſt ſwitz 
motion 1s produced ina weight, which ſimply from a power 
cannot be produced without an Engin, becauſe the power 
cannot move it ſelf with ſo much velocity ; which principle is 
tobe underſtood in all Engins. 


PROPOS. , AVIL 


To di poſe Pulleys ſo that according to the number of the 
Pulleys, the power may always be increaſed continu- 
ally in double proportion. 

Fir. 78S. == increaſe of power by Pulleys hitherto treated 


on, {cems to proceed only according to Arith- 
m-ti1C;1 
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metical proportion, ſo we ſhew in the precedent propoſition? 
that according to the number of Pulleys placed in the move- 
able Snatch-block, the force of the power is doubled ; row we 
will inſtitute another diſpoſition, wherein if there be only one 
Pulley, the force of the power will be doubled, if two, qua- 
drupled, if three, it will be oCtuple, if four, the power will 
be equivalent to fixteen, and ſo of the reſt. | 

Suppoſe a weight to be raiſed being faſtned to a moveable 
Pully B, and let one end of the Rope be fixt in the point G, 
and the other end of the ſame Rope reach to the Snatch- 
block C, in like manner let another Rope F C D be firmly 
fixtin F, and the other end fixt to the Snatch-block D ; let 
there be a third Rope E DH, one end of which faſten well 
in the point E, and let the power bein H ; I fay, the power 
in H of it ſelf being equal to the weight;..being ſo difpoicd, 
is oCtuple of the weight. po 

The Demonſtration. *Tis ſhewn (at Prop: VI. of this) that 
the power in H is moved with a double velocicy of the Snatch- 
block D, and the Snatch-block D doubly ſwifter than C; 
and C doubly ſwifter, or as ſwift again as B, therefore H is 
moved eight times ſ{wifter than the weight, and (by the firſt 
principle of Mechanicks) will have eight times greater force 
in reſpe& of the weight ; therefore *tis ſufhcient that the 
power be ſuboCuple of the weight ro be in equilivrio with 
the weight, 

Or ir may be demonſtrated by any Leaver, for a Pulley 
diſpoſed in this manner, is a Leaver of the ſecond kind, in 
which the weight is preciſely in the middle berween the pow-- 
er and the prop, or Centre. 


— ns —_——_— 2 
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PROPOS. XVIII. 
A Theorem. 


By Pulleys any werght may be moved by any power. 


| Ps If the power be never ſo little greater than the weight, 
it may be moved by any Pulley that only helps the 2p- 
plication, bur if it be equal, and the Pullzy difpofcd after the 

Q {-cond 
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l-cond manner, the weight will be more eaſily moved ; bur 
if the power be leſs, as if it be to the weight as one: to eight ; 
eight Pulleys diſpoſed in this ſecond manner, or eight Pulleys 
diſpoſed in two Snatch-blocks, will eaſily overcome the whole 
reliſtance of rhe weight ; to wit, if there be a greater pro- 
portion of the motion of the power to the motion of the weight, 
than of the weight to the power. 


Mechamnick-Powers. 


SCREW 


— 


— C— 


A Screw is a Cylinder wrought in one or more ſolid 
ny or Helices ſwelling out, as appears in the 


RUTE. 


Fic. 79. ND the uſe of it is common, for 'tis put into 
another concave cylinder, cut in like manner in- 
to Concave Spires, fo that the Convex Spixes or 

Helices of the former Cylinder, fit to the concaves which are 

put upon them. The concave Cylinder ſometimes is fixt and im- 

moveable, and inthis caſe, the Screw beſides its circular motion, 

hath alſo a right motion, whereby the whole Cylinder gocs 
forth. Sometimes the Screw is immorable, and the concave Cy- 
linder 1s only moved, and commonly a fimple Cylinder is added 

to the Screw, into which a handle is grafted or fixt, as in A B 

the handle B C is adjoyn'd, that ic may be moved round more 

ealily; hitherto Authors have recalled the Sc:i:w ro the 

Wedge, and the Wedge tro the Leaver, or to the motion of 

a weight on an inclined plane, as if you underftar.d D E to 

be 
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be the weight, and it be moved round in the Orb, fo that ir 
aſcend according to the Spire of the Screw, inclined to the 
Horizon, or if the Wood DE be immorable, the Screw ir 
ſelf being turn'd about, which is conſider'd by the manner 
of a weight, its aſcent will be by the inclined plane of the 
Spires of the concave Cylinder F G; bur theſe conſiderations 
are ſaperfluous and unprofitable, when more immediarcly the 
force of the Screw may be meaſured from the firſt PrinCipic 
of Machines, than by ſuch reduction. 


= wru=n_— aA—_—p-e- ww_omn 


FROFOS I 
A Theorem. 


To explane, and meaſure, the force of the Serew. 


Fig. 79. LE the Screw.be A B, furniſht with its handle BC, 
4 for alſo in lefler Sciews of Iron which are made 
uſe of to ſtrain ſomething, there is added a head furnithe with 
a notch or cleft, that there may be put in ſomethinggof Iron, 
which may obtain the force of a handle; And let the power 
be applied in the point C, and underſtand one circumvolu- 
tion to be made, or the circle C KL tobe deſcribed in the 
mean while the weight aſcends, from one circumvolution of 
theSpieto another, to wit, as much as is the line N O. An 
interval, or ſpace, equal to the line N O comprchended be- 
tween the two Spires, is found 100 times in the circumference 
CKL; I ſay, that it may be in equilibrio, there is required 
ſo much power as is only ſubcentuple of the weight, that is, 
it the weight be 100 pounds, it requires a power only equal 
ro 1 pound. | 
The Demonſtration. Tis then in Equilibrio, when the mo- 
tion of the power is to the motion of the weight, as the 
weight it ſelf is to the power, but in our Caſe the motion of 
the power is Centuple the motion of the weight, and the 
weight an hundred fold of the power it ſelf, therefore 'tis in 
Equilibrio, whence if the power be a little greater or more 
chan one pound it will overcome the rehiſtance of the weight. 
Q 2 Corollary. 


Mechanmck Powers. Book V. 
Corollary. 
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PROPOS. II. 
A Theorem. 


The drvers uſes of fmgle Screws. 


Fig. 80. 7 Hymn uſe of ſingle Screws are various, and for the 

moſt part they are uſed ro ſtrain, as appears in 
the 79th Figure, in which the Screw AB is faltned in the 
hole B, alſo'tis furniſhe with itsSpires, but the hole C is ſingle, 
and conſiſts of no Spires; while the head of the Cylinder ar- 
rives in C, and the Screw is turned abour, the woods B D, 
CF, will come, or meet together, and the force of the power 
will be increas'd according to the proportion of the circle de- 
{cribed by the end of the handle AE, to the interval of the 
Spires, or Helices. 

And the ſame effet fullows whether the wood B D be made 
immovable, and ſo the wood C F, come to that, or the cou- 
crary. 

The ſecond kind is, Fig. 81. when the Screw 1s at one end, 
and the wood to which 'tis faltned, is at the other end, and is 
zmmovable, and then the power will be mixt, to wit, of the 
Screw and Leaver, as in this figure, if the Screw A B, be in- 
grafted to the wood AC, in the point A, and the piece of 


timber to which *cis ingrafted be fixt in the point C and the 
weight, 


Book V. Mechanick Powers. IOT 


weight, or that which reſiſts the preſſing, be in the point D» 
C A will be a Leaver of the ſecond kind. 

And that you may meafure the force of this Engin, ſuppoſe 
ir a Wine-preſs, and ler the beam C A be equal to a weight of 
200 pounds, that is, if it lies on a parcel of Grapes, it will 
make the ſame compreſſion as 200 pound weight will make; 
and let the Screw be ſo made, that each ſpire be diſtant from 
one another one inch, and the handle BE 7 feet, fo that its. 
whole circumvolution will be 22 feer, or 264 inches, and let 
the force of the man that preſles, be equal to 100 pounds; I 
{ay, the man alone hath ſo much force to preſs the Grapes, 
as hath the weight of 52808 pounds ; the reaſon is clear, for 
while the man runs over 22 feet, or 264 inches, the beam A 
deſcends only one inch, and the weight D, which is tn the 
middle of the Leaver A C, is only moved half an inch, there- 
fore the force of the power is increaſed, according to the: 
proportion of 264 to +, or of 528 to 1 ; but the power 1s 100, 
therefore the force of the man, uſing this preſs, will be equi- 
valent to 52800 pounds ; which was to be ſhewn. 

Fig. 82. The third manner will be, if you make uſe of 2 
Screws, Which are moved together, or ſucceſſively after each 
other, and one in reſpect of r'other, hath the proportion of a 
Prop, or Hypomcclion ; as if the Screw A be moved, the 
Screw B not being moved, the point B will be the Prop, with 
reſpe& to the Leaver A B, which belongs to the ſecond kind 
of Leaver. 

Fig. 83. To this kind of power arerecalled the Vices which 
Iron-ſmiths ufe; likewiſe the Preſſes which Printers uſe, and 
many other Inſtruments, whoſe torces we may meaſure by the 
{ane principles. | 


m__ 
— 


PROPUS BE 
A Theorem, 
Of Compounded Screws. 


Fig. 8+. [ call that a compounded <crew, whoſe convex Cy-= 
linder 1s not ingrafted, or fitted, inta its corre- 
{pondent 
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ſpondent concave, but is mixt with other powers. And ti, 
it the Helices of the Screw be fitted to a teothed wheel, 'cis 
'calF'd an infinire Screw, or moving in infnitum, the torces of 
this power are wonderful, for ſuppoſe a wheel to conliſt of 50 
teeth, alſo ler the Axis be A, about which the rope goes 
round ; and tet the handle B C, be to the Semidiameter of 
the Axis, a$4 to 1, and let the power of the man be equal to 
100 pounds ; I ſay, the man being furniſhr with ſuch an Engin, 
is in Equilibrio with a weight of 20000 pounds, and the man 
*will be equivalent to 200 men. 

The Demonſtration, The handle B C ought to make 50 cir- 
-cumvolutions, while the wheel orily performs one, becaulc 
that every circumvolution of the Screw impels only one tooth - 
Therefore 'while the handle B C is turn'd round 50 times, 
the Tympane A is only once turn'd about ; bur the circulation 
of the handle is to the circulation of the Tympane, as 4 to r, 
therefore the motion of the power applied in C, is to the mo- 
tion of the weight, as 200 to 1, therefore by reciprocation, 
:rhe power as of 1 pound will be in Equilibrio with a weigh 
.of 200 pound, or as 10010 20000, which was to be demon- 
.ſtrared. | 

Bur if inftead of the Tympane A, you uſe annther Screw, 
to whoſe wheel the ſame number of teeth ſhall anſwer, one 
'man Will be equivalent to- 10000 men. If you make uſe of 
three Screws in the ſame manner and order, with w heels ar- 
{wering to them, one man will be equivalent to 100000 
men. 

Nevertheleſs, ſcarce any Engins are ever made ſo ſtrong, 
bur in practice they become unuſeful, becauſe, thar either the 
ropes break, or that which they are faſtncd to, is not able rc 
{uitain, or the teeth, or other parts break, the weight being ſo 
Extraordinary. | 

This Engin is moſt uſeful, as often as the mo:10n is to be 
.diminifhr, as when, for example, we have a wheel in a Clock, 
which is turn'd round once inevery hour, if you defire a mc- 
tion 12 times {lower,. the Axis of this firſt wheel, muſt have a 
Screw, to whoſe ſpire the teeth of the other whecl, mult be 
ingraftted, which muſt have 12 teeth, and ſo you will have a 
motion 12 times {Jlower; fo if in a Clock you havea Wheel, 
or Axis, Whictris turn'd -about twice in a day, which is tur- 
nitht with a Screw, .and an{wers to a wheel, having 59 Jneth, 
this 
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this ſecond wheel will be once turn'd about in 29 days and 
+, which is the period, or Circuit, of the Moen, and fo of the 
leſt. He thardelires more concerning the Screw may conſulr 


Ubaldus. 

I ſpcak not here concerning a cor.cave Screw, which is one 
among Hydraulic Engins, and which properly belongs io an 
inclined plane; the benefit of a Screw are theſe. The firſt ad- 
Vantage 15, that the motion of the weightis more diminiſh: Ly 
one ſpiral lice, than by many toothed wheels. Sccondly,; 
without any ſtay, although .the power - be relinqui:*r, the 
weight ſcarcely falls back again, and therefore muſt remain 
where it 15. 

The more Helices there are in a Screw, and the more ob- 
lique, and the longer that the handle is, thecaher the weight 
15 moved; and in a concave Cylinder, (or the mother) the 
more Helices there are, the leſs the Screw ſuffers, for when 
there are many Helices, the weight is diftributed in them, 
which would preſs, or lye on one only. 

Fig. 85. To this Engin we may reter a certain invention o0b- 
vious enough, which we do not ule to increaſe the force of. 
power in order to motion, bur only to ſuſtain a weight ; For 
if about any Cylir.der there be made a hollow ſpire abour:. 
which a rope is turn'd, if you hold the rope bur lightly, or 
preſs it again the Cylinder, the weight, although it be grear, 
will be ſtayed by the Ropes, being adjoin'd ro the Cylinder: 
Theſe Channcllings, or Hollowing:,. are uſeful if any one be- 
minded to dufcend from a high Tower without danger, and. 
that ſwiftly, or flowly, zccording to pleaſure. "1, 

Awgers, Wimblcs, and Plercers, are referred to the Screw, 
which enter the caſter. by being made ſharp in the nature of 
4 Screw, as Experience teaches, in great Awgers, with which 
Pipes are boarcd to convey Water from Fountains, becaule its 
apex repretcnts the figure of a Screw. which of its own accord 
caters the Woovd 1o that there is but little necd of Force, 
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Or TRE 


WEDGE 


BOOK. VI. 


_— 


A Lthough the Wedge be a ſimple Inſtrument, and there- 

fore of ſome, is ſcarcely aſcribed tro the number of 
Engins, nevertheleſs it is of fuch force, that deſervedly it finds 
a place here. 

The Wedge is a triangular Priſme, whoſe two reQangles, 
end in a common right line. 

And thar it may be uſeful, it ougat to be made of ſolid 
matter, asof Iron, or Wood, and ſuch like. 

Its uſe is in the cleaving of Wood, parting of Stones, and 
dividing other bodies that may beclefr, or cloven ; a tlic being 
made gn the body, the edge of the Wedge is thruſt in, and 
and a ſtrong perculſion being added, forces in the WedgFJ. 


—_—— — _ _ _W 
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PROPOS. I. 
A Theorem. 


The force of the Wedge explained : 


Fig. 86. = rcaſ0n3 are alledg'd for the force of the 

Wedge, and firſt from Ariftetle; in Queſtion 17, 
the Wedge is recalled to a double Leaver of the tirit kind, in 
this manner, to Wit, let the Wedge be A BC, Arijicle under- 
ſtands 
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ſtands the line A B, as a Leaver of. the firſt kind, whoſe prop 
is D, the power in A, and the weight in B, to. wit, - itt the 
end, or cuſp of the Wedge : In like manner let B C be ano-: 
ther Leaver, whoſe prop is in E, the power in C, the weight 
in B. 

Notwithſtanding, this explication is altogether contrary ro 
the proportion of the Leaver ; for by how much greater the 
diſtance is of the power from the prop, the greater is. the 
force of the power, in other like cafes; but-in this caſc ir is nor 
ſo, for if the Wedge be made ſhorter, and the power be in 
K L, and not in A, nevertheleſs the force of the Wedge will 
be the ſame: I ſay, the ſame of the leaver CB. 

The ſecond is falſe, that the Wedge touches the Body ro be 
divided with its point, or edge, becauſe, that for the mult 
part the extreams D and E only touch; neither when we me 
{ure the force of the Wedge, do we regard the- proportior 
which is found between A D and D B, but how much the 
ſharper the Wedge is, or the leſſer angle ir contains, the eafier 
it divides. 

Whence Ubaldus in his Mechanicks imagines, that if the 
Wedge be recalled to a Leaver, 'tis to' be explicared by a 
double Leaver of the ſecond kind, whoſe common prop is in 
the edge, or point B, the power in A and C, but the ſame 
inſtances occur as before ; I add moreover, thar a Wedge may 
want Aa point, and nevertheleſs be as apt ro divide as it was 
before; ſo that the inclination of the planes remains the 
{ame, touching in the points in which the body is robe cleft. 

Fig. 87. Wherefore others recal the Wedge to an inclined 
plane, asif the body to be lifted up be A, under which the 
Wedge B is laid, that body being moved upon an inclined 
plane, for 'tis all one, whether the body be drawn upon the 
plane, or the plane move under it, for to aſcend 'tis thought 
the ſame ; therefore there are in the Wedge two inclined 
planes. This conſideration is not abſurd, nevertheleſs, I con- 
rend that the whole difhculty remains, to wit, that the whole 
dodtrine of inclined planes is alixe hard, labouring under the 

ſame principle, wherefore 

Iſfay, The reafon why the forces of the power are increaſed 
by the Wedge, is, becaute the power is moved much, ard 
the weight bur little, or the greater motion of the power is 
compared with the leller motion of the weight, and arejoyn'd 
together. Þ Vhich 
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Which I ſhall ſhew, as in the Fig. 86. let the Wedge AB C 
be very ſharp, which by one or more percuſlions runs into the 
wood, the ſpace BF, in the mean while that the parts of the 
wood are ſeparated from one another according to the 
ſpace D E; if the Wedge contain an. angle leſs than 
60 degrees, B F will be greater than D E,' and the power is 
moved according to the line B F, and the weight according 
to the line D E, wherefore ſecluding percuſſion which way 
ſoever, if the power ſimply impel che Wedge, its forces are 
increaſed, according to the proportion of the line B F to the 
line D E. 


PROPOS. TIE. 


The ſharper the Wedges are, the greater force they 
add to the power. 


= there be any 2 Wedges, whereof one 1s more acutethan 
the other ; I ſay, that which is moſt acute, confers the 
greater force to the power ; for by how much the motion of 
the power, is greater than the motion of the weight, it hath 
greater force in reſpect to that weight. Burt a more ſharp 
Wedge is ſuch, that it requires a greater mc tion of the power 
in reſpe& to the motion of the weight, for in two triangles, 
having an equal baſe, that which hath the angle oppoſite ro 
the baſe moſt acute, will have the longett fide : But in the 
Wedge, the baſe meaſures the morion of the weight, and the 
fide the motion of the power, therefore Wedges moſt acute are 
moſt powerful, 


Corollary. 


A Wedge whoſe angle is greater than an angle of 60 de- 
grees, rather decreaſes than 1rcreaſcs the force of a power. 


PROPOS. 


UMI 
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PROPOS. III. 
A Theorem. 
Drvers kinds of Wedges. 


Lmoſt all Inſtruments which Artificers uſe to divide, or 

cut with, are recall'd to the Wedge, as all fort of edge 

tools, Swords, Pen-knives, Nails, Axes, Hatchets, are Wedges, 

for neither is it eſſential to a Wedge, that the percuſſion of ano- 

ther body be forced between the body to be divided, for ir 

may either be ſimply -impell'd, or from a force conceived 

from the leading motion to divide it ; Awgers, and Piercers 
contain a Wedge. 


Of Percnjjon, or Smiteing. 
PROPOS. IV. 
A Theorem. 
Experiences of Percuſſn. 


Being in company, ſome years ago, with my Ingenious 
friends Mr. Bankes, the King's Maſter Carpenter, and Mr. 
Morris Emmet, the King's Maſter Bricklayer, ſince deceaſed, 
among other things that paſs'd in our diſcourſe, Mr. Bankes 
was pleaſed to ſay, thar he thought there could berno reaſon 
given of the force of Percuſſion, nor no comparing the pro- 
portion of weight preſſing a Nail, or ſuch like thing, entred 
in a board, or Timber, to a blow ſmitten on the ſame thing. 
Indeed the ſaying was very difficult and abſtruſe, yet I remem- 
ber I told him, that the Iarned and Reverend Dr. Wallis, a 
P 2 Coſſatus, 
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Caſſatus had writ ſomething concerning it, and alfo the learn- 
ed Dechales, wholeprinciplesI deſign to follow. 

Ariſtotles 19th Queſtion touches lightly on the force which 
is produced from vercuſſion ; nevertheleſs, he explicates no- 
thing further, and as I may ſay, only propoſes a difficulty, 
ro wit, that although a great weight be laid upon an Ax or 
Wedge, yet it conduces little or nothing to cleaving, bur thar 
a blow ſmitten with grear velocity, affe&ts much. Then he 
ſeeks how much gravity this motion adds ; ro the better un- 
derſtanding whereof, in the firſt place, I ſhall refer ro expe- 
rIenCe. 

The Firſt Experience then ſhall: be, chat chat Percuſſion is 
greateſt, whoſe motion is ſwifteſt, from whatſoever cauſe the 
tame motion proceeds, whether it be circular, or right, *cis 
little different, From whence it comes to paſs, that a Ham-. 
mer, or Mallet, furniſh with a longer handle, makes a ftron- 
ger blow, becauſe thar power can impreſs a ſwifter motion, 
tor if it be moved with equal velocity, whether it be furniſht. 
with a longer or ſhorter handle, the percuſſion would be 
equal ; alſo thence I think may be concluded, that laſting mo- 
tion adds nothing to percallion, unleſs there were a diſpoſition 
0 ſwifter motion. And- therefore, if the'-Hammer ſhould be 
moved equally abour fome Center, it would not ſmite ſtron- 
ger after a laſting motion than after ſome ſhort motion. Allo 
*ris clear, that when ſomething is ſmote with a Staff, or a 
Sword, the ſtroke is ſtronger about the end, becauſe then the 
ſtaff is moved about thehand, as about a centre, whence the 
motion 1s ſtronger. about the end, I fay about the erd, ycr 
not in the end, by reaſon of another proportion. 

Secondly, A greater body although it be moved. with equa! 
velocity, with a lefler, produces notwithſtanding a ſtronger 
blow ; for *tis certain, while rwo bodies of the fame marter 
and divers magnitude fall from on high, they deſcend almolt 
with equal velocity, fo that the difference is very tinall, to 
wit, ſo much only as is begat m the reſiſtance of the air prc- 
portionally in the lefler body to the greater, nevertheleſs, the 
greater body impreſſes a ftronger blow, which etfc& cannur 
be only attributed to the greater gravity ; for let there be a 
Gake {tuck in the ground, and ket two bodies deſcend from an 
equal height, one of 100 pounds, the other of 200 pounds, 
<is certain that there will be a ſtronger imprellion m—_ the 
ccond 
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ſecond, which carnot be attributed only to the gravity ſimply 
. Jaken, for if this ſecond body be put on the ſtake and gravitate 

on it, or ſhould fall on it from on high , the impreſſion from 
a body leſs heavy, would nor be ſo much : Therefore a heavy 
body falling, makes a greater ſtroke than a lighter body, and 
this impretliion ought not to be attributed only to the greater 
gravity. 

The Third Experience. While a body is moved about ſame 
centre for a Cortinuance, tis eaſter ſtopt or ſtay'd if you lay 
hold of ir by the erd, than by any other part nearer the 
Centre, which is to be underſtood if it be hinder'd before the 
motion, or in the beginning of the motion, for if you wait. 
tillthe motion be engender'd, it will be otherwiſe. - And the 
rea{5n of the firſt, is obtain'd from the proportion of the lea- 
ver ; the reaſon of the ſecond ought to be, becauſe the mo- 
tion is greater in the end, and conſequently a greater ;mperus 
is. acquired. 

The Fuurth Fxperience., The ſtrongeſt blow of a Sword is not 
abour the point, nor as ſome th11k abour the Centre of gra- 
city, but between ihe. point, ard the centre of gravity ; yer in 
general "tis true, that a body that is moved, having the great- 
cſt part of its weight about the end, a ſtronger blow follows 
than if it procecd trom one continuance, Wherefore ſome make. 
2 lictle channel within ihe Sword, and include Mercury there- 
in, which conveys the force of percutlion to the poinr,. and 
makes the ſtroke flironger. Perhaps, while a body is extended 
in one order, 'tis moved more difficultly, and therefore its ve- 
locity is not fo great, and con{cquently its ſtroke not fo . 
frong,. | 

Fig. 83. Tye Fifty Expericnce. While a body ſmitcing de- 
{cends, it Cauſes as great a ſtroke, it only one part of it tall on 
the ſubjected. body, as if the whole body tcil on it ; that is, 
it 2 equal budics A ard B, fall from the fame height, the firſt _ 
whereot {roites the ſtake C vrly with fome part of it, but the 
otheracc ding tous whole loweſt fuperficie, yet an equal ſtroke 
follows, which I have found by experience, that I mighe 
confure ihe opinion of fome, eftceming the Air ſqueez'd be- 
tween the 2 budics, to counter much to the blow, yea, they 
wilt have all cutting or cleaving to be from air included with- 
in thc Pores, b-ing violently impuiled from the dividing body, 
for they will have air to be malt ſharp, and conſequently moſt 

PR Q- 


apt to divide. 
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PROPOS. V. 
A Theorerg. 
Drvers meaſures of Percuſſin. 


Fig. > hard ro meaſure percuſſion that'is made by a 

living power, fince it depends on force, .and 
free and voluntary endeavour, and hath the proportion of the 
body moving, or ſ{miteing, for although a greater Hammer et- 
feats a ſtronger blow in other things of the like nature, yer 
if it be not fo ſwiftly moved becauſe of its heavineſs, the per- 
cuſſion which follows is the weaker : Wherefore 'tis conve- 
nient in the firſt place, ro reduce velocity to a certain mea- 
lure. 

Suppoſe then a Hammer A B, whoſe whole length is 6 feer, 
which is moved by a man to ſmite. I ſay, if it be moved e= 
qually with the ſame velocity which he hath in kimſclf in the 
inſtant of percuſhon, and in the ſpace of one ſecond minute, 
1h1ll make 4 circulations, that is 144 feer, (allowing the Pe- 
riphery to be but 3 times the Diameter) : If che ſame Ham- 
mer ſhould fall according to the equality of the force of gra- 
vity, and accelaration of heavy bodies, it would not arrive to 
accompliſh 144 feet in 5 ſecond minutes, and ir ſhould fall 
from an altitude of 425 fecr. 

From whence 'tis concluded, that the altitude 425 feet is 
the meaſure of percuſſion made by the man, or the Hammer 
has ſo much velocity, while "tis ſtrongly ſmore,or impell'd, by 
the man, as the hammer would have had, if it had fallen {ingly 
from an altitude of 425 feet. 

I have been willing to examine the calculation made by 
M:r/ennus, but could never hnd it anſwer experience, for we 
often uſe a Pendulum of 3 feer, one {winging, or ſtroxe whereo: 
is preCiſcly equal ro one ſecond of a minute; and we have 
found in a Semiv-bration, or in the ſpace of half a ſecond, 
little more than 4. feet, ro be paſt over by a body falling, viz. 
abour 4. feet and + ; but according to the a” ob- 
erved 
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ſerved by Galileus, it ſhould be 15 feet in one ſecond, wheres 
fore in the ſecond ſecond it will be 51 feet, in the third ſe- 
cond it will fall 85, in the fourth 119, in the fifth 153, 
which being all added together, make 425, therefore the 
blow of the Hammer ſtruck by the man, is equal to that 
which is made by the ſame hammer falling 425 feet ; in this 
ſuppoſition the ſpace which is paſt over by heavy things, de- 
ſcending, is reckon'd to procced according to the ſeries of odd 
numbers. | 

But whatſoever the compariſon be of the Imperus, or force, 
produced from a man ſmireing;ard the Impetus produced by a 
weight falling ; *tis certain, that there is no Imperus produced 
from a man's\{miteing, to which there cannot another be gi- 
ven equal to it froma body falling : Bur hithertoo the whole 
dithCulty remains, viz. how we may meaſure the acquired 
Impetus, trom a body falling from a determined height ; ler 
therefore a hammer weigh pound. driving a nail at one 
blow (or percutlion) one inch, whoſe force is equal to that 
which it would have if it fall from an altitude of 425 feet ; 
and let it be demanded what weight being only laid upon the 
- Nail, will force it in one inch, bur that weight muſt be mo- 
ved equal to the ſpace, to wit, it muſt alſo be moved one 
inch. 

Many have been the opinions concerning this thing, for 
ſuppoſe a hammer of 1 pound, and 1 foot long, and let it be 
made after the manner of a Cylinder, ſome think, if there 
ſhould bea Cylindcr made of the ſame thickneſs, viz. 1 foot; 
and 425; feet long. to wit, as much as is te alticude of the 
fall, which isequal tothe percuſſion, and this Cylinder be pur 
upon the Nail, it will force the nail into the board one inch, 
nevertheleſs, I ſee not on what foundation: for ſuppoſing the 
hammer to be halt the length, and to have the ſame gravity ; 
according to this cynſderation, it requires a weight doubly 
greater, which is ablurd, therefore ffice this Gelermination 
depends on the thicknels of the hammer, which in this cafe 
bath no place, for neither will two hammers of divers ftigmes, 
and rhe ſame gravity, have divers cticcts. 

Ochers will have it, that a hammer of 100 pounds defcend- 
ing With one degree of velocity, will havethe ſame force as a 
hammer 07 1 pourd, delcending with a velocity as 100, 
which 1 eatily grant : But hitherto 1 think nothing is cffeCted, 

nel:her 
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neither is there had ſuch a meaſure as we require, to_ wit, 
ſome weight to which percuſſion is equal, or a weight which 
is moved in the ſame manner as a nail, alchough it drive it one 
inch. 

Mr. Hobbs reduces all percuſſion tothe firit endeavour which 
the weight hach, bur knows nor whether the firſt endeavour 
given be indiviſible and determinate, and fo in this explication 
- he wraps himſelf in queſtions of continual diviſion. 


PEROEFEUS YL 
The meaſure of Percuſſion. 


_—_ hammer of pound, and let it be of any figure, 
ic matters not, which being ſtruck with the force of a 
man, hath the ſame velocity, as it it had deſcended 42 ; feet, 
and drove a nail one inch, now 'tis demanded whar weight 
this percuſſion is equal to: And 'ris certain, that a weight of 
- one pound falling 425 feet, acquires a force to raiſe 1 pourd 
425 feet, which I ſhew in any Pendulum, wherein the weight 
aſcends almoſt the ſame as it deſcends. Therefore this per- 
cuſſion ſeems to be in equilivrio with a weight of one pound, in 
movingthrough 425 fect : But if you ask what weight heing 
moved one inch, will be in equilibrio with a weight of one 
pound, moved 425 feet, multiply 425 by 12, it makes 5100 
inches, in 425 feer ; I ſay, if a weight of 5100 pounds be place d 
on the nail, the nail will be forced in one inch ; for one 
pound moved 5100 inches, is in equilibrio with 5100 pounds 
moved one inch, wherefore the percullion of the man fecms 
ro be equal to 5100 pounds, which was to be ſhewn ; never- 
theleſs, there is a doubring in this calculation, becauſe that 
the velocity of the weight aſcending, always decreaſes, 
wherefore theſe things cannot be conſtituted, bur according to 
che doctrine delivered of heavy bodics falling. 


P ROPOS. 
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PR OPOS VIC 
A Theorem. 


The quantity being grven of a ſtake, or nail, driven wnto 
any body by a determined weght, from a determined 
height, to find a weight which will perform the ſame 
from any other height. 


Fig. go. TE the weight A be 100 pounds falling from 19 
feer high, and driving the nail B one inch, a 
weight is required, which falling from 40 feet high, will per- 
form the ſame effect ; I ſay, it requires a weightof 50 pounds. 
The Demonſtration. The ſame effeEt is produced, it the quantity 
of motion be the ſamein both caſes : But the quantity of motion 
is the fame, for a heavy body falling. from an altitude qua- 
druple, or fourfold, hath double velocity of that which it had : 
But 100 pound movable with one degree of velocity, and 50 
as movable by 2 degrees of velocity, have the fame parts of 
motion : Therefore they ſeem to have the -ſame etfect ; ne- 
vertheleſs, there remains a difficulty which is begar from the 
rcflexion of bodies, which bclungs to the velocity of heavy 
things deſcending. 


| —_—_ PEE 
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PROPOS. VIII. 
To make arvers kinds of compound Engins. 


| | rw the ſingle kind of Engins before mentioned, to wir, 
the Ballance, the Leaver, the Wheel, the Pullcy, the 
Wedge, the Screw, there may be made many other com- 
pound Engins, ſome of which we will deſcribe, that ſo nor 


only their great forces may appear, but alſo that any one may 
perceive 
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perceive a ready way of making Engins for any occaſion, and 
21ccommodate them to their uſe. 


Mechanich Powers. 
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Engin. I. 


An Engin, whereby a Wagoner may raiſe his Wagon,. 
or Cart, although loaded ; alſoby it, the Roof of an 
Houſe, yea, the whole C aſe of the Houſe, may be 


raiſed. 


the 2 lefſer A and C, andthe other greater 

B ; the little wheel. A hath: five reeth, ard 

the little wheel C the fame ; bur the wheel B hath 20 teeth, 
and fo 15 fourfold greater, and-hath one common axis with the 
wheel C, alſo make of the ſame matter a frm Priſme D 1: 
with teeth, defend on every fide all the caſe of wood with 
lron, in which. the tecth are included, the- upper part being 
op2n, ſo that the teeth of the wheel A, lay hold of the reetl; 
of the wheel B, and the teeth of the wheel C, lay hold of 
the teeth of the Priſme D E: Bur the axis of the wheel A 
tands oat withour the tide of the caſe, and is turn'd by the 
2indle G FH, and withthe handle the little whecl A isturn'd, 
which turns the wheel. B and C; and. the teeth of 'the wheel 
©, running into the teeth of the Priſme D E, they move it up- 
ward; until the laſt rooth nzar E, be in the. regfon of the 
- whycl 


Fig. 91. (Y Iron, or other ſolid matter, make 3 wheels, 
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wheelC ; if now D on the top be made hollow, or E on the 
ſide-of the Gaſe ſticking-out, be put-under the-Waggon, or 
other weight, and the wheels being turn'd the Pritme if. 
cends, and going forth of the Caſe, forces the weighr up. 
wards ; and if the wheels are turned the contrary way, thc 
weight deſcends likewite, - 

If to this Engin you add a leaver, one end whereof being 
pur under the hollowing D or E, and the other erd of th: 
leaver lean, or ſtay on the Earth, and that part of the 
leaver, next the earth, be pur under the Waggon, -or other 
weight, and:then turn the wheels, it will make a compound 
Engin.much ſtronger, which you mult note caretully, tor in- 
_ many 'Engins -by addition of the like leaver arc muc«l; 
helpr. | | 


Engin. 1. 


} 


To raiſe a vaſt werght with an Engin compounded of a 
Prlley, Axis m Peritrochio , and a perpetual 
Screw. 


Fig. 92. Ake the Cylinder C'D, in the middle whereof 

| make 4. or 5 Spires of a Screw, . which while 
the handle E F with the Cylinder ' is.,turn'd abour, the Spires 
infold themſelves with the teeth of the wheel B, and turn ir 
about: And while the wheel B is rurn'd roun'd, the rope 
B.G H, drawn about the Pulleys G and H, is wound abour its 
Axis : By this means, we may With great eaſe raiſe any great 
weight by the power F. I have cautcd the like Engin to be 
made, by whole means, I did move a Milſtone with lo little 
reſiſtance. that with a ſmall Silken Thred, faſtned to the 
handle F, and :ull'd by the hand, I have turn'd about the 
Screw, and taken it up, being the weight of 200 pounds, 
and not broke the thread. And if inſtead of the handle E F 
you fir a wheel furniſhc with little boards, this being turn'd 
hour with the breath of the mouth, will raife the Mill-ſtone, 


b-2 | Engin 
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Engin. III. 


— 


To take up a Milftone with an Engine wrought by the 
Smoak of a Lamp. 


Fig. _—_— Engine 1s admirable to the Beholders; to ſec 

it raiſe a weight of 150 pounds; it is akogether 
like the precedent, bur that it hath a pair of toothed wheels 
between the Screw A, and the Pulleys, the firſt of them is im- 
mediately moved by the Screw, and the ſecond is moved: by- 
the firſt, and about irs Axis the Rope turns round ; and that 
the Smoak of the Lamp may ſupply the force of the moving 
power, the centre of the wheel B C is firmly put into the Ax- 
is D of the Screw, whoſe Teeth running in each other, are 
rurn'd round by the Teeth of the Wheels C and B, fixt to the 
Axis of the wheel F G, parallel ro the Horizon ; this wheel 
is ſo made of a thin Iron plate tinned over, that the whols 
plane of the Horizontal wheel conſiſting of the thin plate, is. 
cut through with Channellings, and way for the Smoak to. 
paſs, in ſuch manner, that while the Smoak of the ſuppoſed: 
Lamp L, paſſes through by the oblique openings of the plate, 
ir turns about the wheel: hung: to. the Glaſſey. cover H; upon 
the point of a, Needle, and. fo poiſed, that ir may turn round 
eaſily ; and if. one Lamp doth not ſuthce, 2 or 3, or more may bs 
added : Alfo.there may be more wheels than the foreſaid rwo, 
and more little wheels of Pulleys. My Engine which performs 
- the foreſaid effect, conliſts. of eight Wheels and. Pulleys alta- 
gether. | 


Engin: 
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Engin.. IV. 


By whoſe means a mighty weight ts continually vmfed, 
although the Power be not continually applied, but 
now and then a little impulſe preſſes: it on by it its own 
endeavour, | 


Fig. 94 A Pply an Tron, or Stone Globe ( or Ball) of a great 

magnitude and weight, to 2 ſpear of Tron; or 
Wood C D, and let the Globe be vibrated rogether with the 
Spearaboaut the Poles A and B; moreover let there be ſome prerty 
tictle arm E F L, fixt ſomewhere about the middle of the lit- 
tle Axis, or Pin K, but movable without any reſiſtance; join ro 
this in F a crook F G turning cafily in F, kt the end FE, of the 
lictle Arm, be made like the point of a Sword, or Knife, (or 
lictle rongue ) which may rotich the Spear, being perpendicu- 
tar ; then that part of the Spear which rouches the little rongue, 
muſt be made ſharp in the ſame form, -and, extended fo,” thar 
the little rongues reſpect and touch each other. 

Then the Globe being thruſt with force, or being elevated, 
and falling again by its weight, mightily effects. the Vibrations 
by going and coming back, .and cach part of the Spear made 
ſharp in E, hitting againlt the lictle tongue of thearm, forces 
the pin F G towards G, which by that' means, ever and.anon, 
lays hold on new Teeth of the Wheel 'H,' and rurns round the 
Wheel, which cannot be turn'd back again, being hindred by 
the pin P, endeavauring the contraty. Another little Wheeb 
being annext to the Axis of 'the wheel H, turns the Wheet I, 
about whoie Axis the Rope of the'Palleys L.M' being turn'd, 
takes up the weight N, being faſtned to the loweſt Pultey ; 
wheretore, if after the perpendicular ftands till, and moves no. 
longer, it be again raiſed from the centre and ler down, its. 
Vibrations will ette&t in the fame minner as before for ſome 
time, raiſing the weight in the mean while, although nopow- 
er be applicd, ſo that the weight ſeems to aſcend of it {elf. 

N ote 
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Note, That you may add one or two wheels to the wheel 
1;tharthe weight may berakzyup rhe eafier, and lefs refiſt 
the motion of the perpendicular; moreover in ſtead of the 
Pulleys, yon may uſe a Leaver,. ot a : perpetual Leaver, with 
mo in Peritrochio, &c. Thirdly, the longer the Spear 1 is, and 
HeaviehtheiGlobe is, the: longer? the. motion, of the perpen- 
Feulire ARES: Fourthly, upper arr of the lite Arm E, 
doth indoe nd VARs heats Wards by ics weight, bur with 
-ſo "ud oa ener, chat. tis eatily moved by the Spear; the 
ſame end being but little inclined, ſo that a ſmall part of the 
lictle nga] be touched by the edge of the Spear ; and fo alſo 
che wh 1s ught tO © on{iſt of ſmall ſaw, teeth, orherwife the 
Ae of per de: will e-t0d, mich allay . Fifthly, 
tet, r, Fae the upper,patt*C F of the Spear- be lolid, 
and tht fernainits part'F'D be ofa little chain flexible. 
Phils Fngin'if” ie be ingeniouſly made, effeRs very well, and 
cauſes adihjration in thoſe rhar- ſtand by : Belifdes, if the pow- 
er be Ae applied 0 rhe'Spear, ot to” the'perpendicn- 
i in- her ch.'w OG Ve it 'of its OWNn accord, a vaſt weight 
7 No  licrle' labour ; and alchongh th 
E io jer Deealile it hangs freely, 'it is ety 
toven, | th Fe &E 1s no need.to 0 make afe of the 
ite Tops i oofl fimeſtnc that the Axis 'A B''of the 
perpencicyrar þ by Rl ro Q,'and there be fitted with a 
Uictle eb Bras Catch, which, may lay hold on the teeth 
"mh c 2 The hy Ie He arm w vn may - Joyned 0 
GH VE Fe ; um with an O 
" M 02k ; $ Wi Ph ah ls ; But this whee #h 
y TY ol Hr” fQ 0 (gin ob wy te 71G; Bart to wir, "its 
P ane lg r f9. 'be parallel [9 the line of motion, which the 
,Þe Teac makes; *ang. its, teeth ought to be retaih'd Þy 
The li ike, pin, teſt while, "ris free, fro the Cliſp,, or Hook: 
*, hin 59 thy oppvlire- Parks lik 5 c the whole Seat ought 
Wy 21d, Or hard... hC-2 I Cconfid ently affirm,” ip that the 
of eV igh ich h KN he praportion of. ' a leaver be long enouZ th, 
A vaſt ET may eaſily be taken np by one man, with ouly 
the wheel QR, therope being tury'd about the Axis S of the 
wheel, although no . pulleys be added ; for the leaver hath 
great force, p thoagh, it he not. in uſe in taking up weights, 
viz." becauſe they know not the way whereby irs motion may 
be continued ; but we have found the precedent which is al- 
together 
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” oy ealie, and others of the like nature may be..inven- 
red. | | ESR) V BR f3ka:-1 
For let the leaver be! A'B C;* whoſe prop: is-4w Bjiand the 
power in A; by weighing down, or deprefling this Teaver, its 
other end C lays hold! on the teeth of the wheet'- D E;-and 
moves it, the iron Pin G hindering it to go back; and at the ſame 
timethe rope E F being -twurn'd about the Axis - of! the wheel 
takes. up the weight F; but the;prop B ought*ro be fſarnifhic; 
with a ring-ahove, in whichthe' leaver mult be'put,” leſt 3x'be- 
ealily moved to and fro, being only a little bent, that ir may 
be transferred from one tooth ro another below ir. bo 
Some things to be obſerved in the compoſition and-ufe of 
Machines, or Engins. In the compoſition and uſe of the'Engins 
aforeſaid, and of others of the hike rature, ſome things oecur 


- 


70 


which deferve-a peculiar-o6bſervation{ 0k I 30 200 

Firſt, *Tis ro'b& noted. *thar finte th every:Entin, thar'part- 
which is nexr:t0 the weight; feels a'Freater imprethon, or re. 
fiſtance of the f2id weight, and alſo ought to be more folid, 
firm, and ftrong : Example, In Axis 1n Peritrechio, --Or a toothed. 
wheel ard a ſcrew, it will be-convenient fo: to fit-them' toge- 
ther that the werzht-may be Auſtain'd immediately - from-rhe 
icrew, arid the wheck npplied ro the moving power'; and the 
icrew ought ro be of more folid matter, and made'mbrefirm, 
fince in toNthed wheels they cannot be made fo ſtrong, as to. 
{aſtuin great weight. | 

This thing is of great moment,” an4 therefore to be gbſer- 
ved diligently in we; t1etew, and allo pulleys are wont'to be 
applied immcdiately th a' weight, for although 'a pulley ſeems 
to be-icts firm and ſtrong to'ſuftaina burden, becauſe that the 
Axes of the wheels cannot be made ſorhick ; -norwithſtanding 
cach of them- bears not the whole weight, even as neither any 
one rope that 1s. drawn, bur it is in a manner diltrtbuted to 
every one, fothacfrom all,- one'as it were makes the reiftance 


Ht tQOVErCOME the weigh. - . 

Secondly,” * Tis to be obſerved, that fone-Ergins may move 
4 weight, or alio take itupto fome height, and yer norwith- 
Fanding of it felf cannot move it to any further height; tuch 
are the wedge and the leaver, the firſt of them ferviny, only tor 
cleaving, bur the {ecor.dz if it-be immediately applied. ro-'a 
weight, [11s manifeſt ghar 11 Can raiſe it-bur'a lite PUight - 
Wherefore 33 need 1 equired! if hehovyes' rs'16 we divers kinds 


ot. 
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of Engines ; but if toothed wheels, or ſcrews, immediately 
ſuſtain a weight in the ſame manner that we have declared 
aboye,; it' acquires greater force, and will move the weight to 
a greater height ; alſoif a weight be immediately taſtned tou 
ſerew, it cannot. raiſe it to a greater height than the length 
of the ſcrew : wherefore the ſcrew hath this conveniency, 
thar tis firm and fir te ſuſtain a great weight, but cannor 
take up a weight very high: But on the contrary , the 
Pulley and Axis in Peritrochio Can raiſe any weight to any 
height. 

Thirdly, In any caſe which may be propoſed, reſpe& muſt 
be had to the power, together with the weight which it 
oughtto move, that an Engin be choſe which ſatisfies the in- 
tended end, for if the power abound, *cis in vain to multiply, 
or augment the Engin, yea, with the loſs of much time : For 
as much as' the more the Engin is compounded, the more 
time is beſtowed in the motion of the weight : On the con- 
trary, it may happen, that ſuch an Engin may be choſe, 
by whoſe means the weight cannot be moved by the power 
propoſed, or not without a great deal of trouble. Where- 
fore according to the rule ſhewn before (to. wit, the power 
muſt be increaſed in the ſame proportion, that the velocity of 
the motion of the power, hath to the velocity of the motion 
of the weight) Firſt, you muſt obſerve how much weight the 
power of it ſclf can raife, or move, without an Engin, then 
from the known weight which is propoſed ro be moved, it 
will.be eafie to determine what kind of Engin is required ; 
where note, reſpe&t muſt be had to the proportion of the 
weight of the Engin, and chiefly tothe reſiſtarce of ic, which 
ariſes from its parts, rubbing. or wearing, againſt each other, 
tor there are ſome Engins which make tmall reſiſtance to the 
power, as Axis in Peritrochio, where there is no other rubbing 
or wearing, bur. in its two Poles; alfo the leaver makes no re- 
fiſtance by rubbing ; bur the ſcrew becauſe of its many ſpircs 
reſiſts much, and cfpecially if the ſpires be not very ſmooth, 
and the convex, and the concave do not exactly antwer each 
other ; in like manner the Pulley, the more wheels it conliſts 
of, the more motion ir reliſts, becauſe of the muttiplicicy of 
Axes, which rub, or wear the Poles. 
 Fourthly, Obſerve in any Eugin, the Wedge excepted, of 
which by and by) anothcr Engin may be joyncd to encreaſe 
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its force, ſo to the leaver we may. apply Axis in Peritrochio, 
likewiſe we may add the ſame to the Pulley. Laſtly, We in-. 
creaſe the force of the leaver, by adding the Screw : Alfo the 
head of the leaver may be elevated by the Wedge, yea, *tis 
oft-times uſeful ro lay under the leaver a firm and ſolid bcdy, 
then between it and the head of the leaver, the Wedge is 
thruſt and drove in. 

Fig. 93. Pulleys are not wont to be immediately applied ro 
the leaver, for although the rope A D of the Pulleys may be 
faſtned ro the leaver CE in D, and by deprefling the head of 
the leaver E may draw downward, notwithſtarding, becauſe 
this motion cannot be continued any further, theretore inftead 
ot the leaver, Axis in Peritrochio 1s wont to be ufed, which 
hath the. proportion of the perpetual leaver,. as is faid above, 
for the ſame reaſon the Screw is not added to Pulkvs ; tor 
alchough this may draw the-rope a little more, yer the weight 
35 thereby only bur little raiſed ; wherefore this artifice may 
be uſeful in caſe the weight were to be raiſed bur hitle fron 
the earth ; laſtly, the Wedge can in no wiſe help the Pulley 
being immediately applied. 

The leaver may beneficially be added to the Screw, y<a, 
without the Leaver, the Screw 1s not want to move, as 1s obſer 
ved before, it may alſo uſefully be added to Axis ia Peritrochio, 
Allo the Screw may be helpr by Pulleys, bur they are ſeldom 
ulcd, and the motion is but ſmall, as appears by conſideration. 
But no manner of force is acquired from the Wedge, tirce it 
is not applicable to it. w- | 

The Wedge only ſeems not to acquire force by means of 
other Engins, for 'tis not moved by the force of any Pulleys, 
or Cranes, as other Engins are, but only by percuilion : 
Wherefore that the Wedge may acquire greater force, it be- 
hoves to find a proportion, whereby a greater percutiion ap- 
pears ; and this alſo may better be done by other Engins, to 
wit, if ſome great Iron weight made in the taſhion ot ſome 
Hammer, be lifted up by the Engin, and then falling by its 
weight on the Wedge, it torces it in; but eſpecially by 
the Leaver A B, whoſe Propis C; it to the end A, Fig.o5. 
there be fitted a great Iron Hammer, or Rectle, which. 
being elevated by the turning of rhe wheel G from F towards E, 
for it the wheel be ficted with Pins, while theſe are born down, 
they hit againſt the end of ar" leaver B, and together with 

; that 
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thar depreſſing, they take up the hammer A, which by its. 
weight falling again drives the Wedge D : And the wheel 
G may be moved by a multiplied proportion, or by other 
wheels. annext to the ſame, or by a capſtand, or any other 
way : Commonly in Smiths Workſhops *tis moved by the 
force of water falling on the little boards of another greater 
wheel, fixt to the fame Axis. | 

Hence it appears, by what artifice Engins are to be coupled, 
or join'd together, and whar is to be obſerved in their com- 
bination, or complication, according as there is need of grea- 
ter, or leſſer motion, for the railing of heavier, or lighter 
weights. 
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Fig. 97- # hm Capſtands, or Windlaces, which obtains a 

vertical. ſire are of great uſe, becauſe that they 
may be moved only by Animals, or Cattel, which alune pro- 
perly and vigorouſly move with an Horizontal motion ; ne- 
verthelefs, it hath this inconveniency, that one weight being 
raiſed up, the Engin ought to be turn'd about with a con- 
trary. motion, and ſo much time will be loſt, whike the Horſe 
is fitted for the oppoſite part ; therefore, ro ſhun rhis incon- 
veniency, let the Engin be compoled of two windlaces A B, 
C D; ro:the Horizontal one of them, - faſten ropes with wo 
Buckets = for example) to draw water, or raiſe another 
weight, ſo that while one Veſiel aſcerds full, the other may 
deſcend, you muſt fit to the Axis of. the ſame windlace, two 
roothed. wheels, or tympanes G and H, beneath the toothed 
wheels, let there be another windlace C D, furnifht with ano- 
ther Tympane, or Horizontal wheel G H, which ſuppoſe to 
lay hold on the wheel G, while the weight E is raiſed, ard 
the empty vellel F deſcends ; then the weight E being raiſed, 
move torward a little the tympanes, or wheels G and H, to- 
wards B, thar the rympane, or wheel G, may forſake the 
teeth of the wheel, and theſe may. be implanted to the other 
rympane, or wheel H, which may eafily be. done ſeveral ways; 
tor to the windlace A B will be turned on the oppolite pair, 
r ara 
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and while the weight F aſcends, the veſſel E, being emptied 
in the mean time, witf deſcend, and rhey will atways-afcend 
and deſcend alternately, orby turns ; alſo if the power (ſuppoſe 
a horſe) be applied ro the end 1, of the leaver I L, it will 
turn about to the ſame part continually. 

Or the tympanes, or wheels G H, may'eatily be ficred, fo 
that always either may be ingrafted to the oppoſite reeth of 
the ſame wheel C ; but. nevertheleſs, they muſt be madc 
movable about the Axis A B, yet ſo, that by means of the Pin, 
or the ſmall leaver, N and M may eafily be joined with the 
Axis, or Windlace, as often as you pleaſe, for ſo by alternate 
force one tympane or wheel, which ſhall be firſt made firm in 
the Axis, by help of the leaver, reſiſting the moving wheels 
will move the windlace, and take up the weight, while the 
other free from the pin, will obey the moving wheels in like 
manner, as if ir were not. 

Bur if you would apply men to the vertical capſtand, or 
windlace, ſince theſe are eaſtly fitred to the contrary part, at- 
ter the weight is raiſed, yea, they may commodiouily turn 
abour, leſt they ſhould be giddy with the motion always one 
way, you may fit a double veflel ro draw water in the {ame 
manner, as appears in Fig. 98. 

Moreover a windlace in a vertical fite, if it be futed &ither 
of the foreſaid ways, it will much better perform the ette&, 
than a wheel, or a crane, which many uſe nor without danger 
of their lives, for if a rope, as ic ſomerimes happens, ſhould 
break, thoſe which turn the wheel, from the great force .pre- 
conceived, are thrown out of the wheel, which cannor hap- 
pen ina vertical windlace. 

This ſame windlace, or Capſtand, Seamen uſe, to bring in 
great weights into their Ships, alſo to draw up their Anchors ; 
in which Engin this is to be noted, that becauſe the Cables are 
ſo thick, that if they were many rimes wound about the wind- 
lace, or cylinder A B, in ig. 99. the Engin would be rendied 
uſeleſs ; therefore they only receive z or 4 Spires of the rope 
abour the cylinder, '4 that while one.cnd of it C, is tarn'd 
about the windlace, the other end D is thrown away ; and 
that the rope ſhould always conlilt in the middle of the cy- 
linder, the Cylinder muſt be made in the manner of a Cone, 
broad, or thick in the bottom, as you ſee in the figure ; and 


by this means the rope will always be kept in the middle. 
R 2 Engin. 
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Engin. VI. 


To remove a Mountam, or heap of earth, from one 


place to another eaſuly and quickſy. 


Fig. 100. ET the Mountain, or Hill, or heap of Stones be 

A, to be removed to the place B; to fave time 
in going and returning from one place to the other, as alſo, 
thac the motion whereby the Earth, or Stones, is transferred 
from A to B may be ſwift, we may make ule of the following 
induſtry : Erect at the foot of the Mountain, or in its middle, 
a great and ſolid wooden column, or piece of timber CD, 
and erect ſuch another in B, viz. EF, affix at top of each 
piece, or column, the wheels D and F, and make hollow each 
wheel in the circumference; and pur about them a great ſtrong, 
rope, extended parallel to the Horizon : Bur if the diſtance 
from A ro B be grear, leaſt the rope ſhould be roo much 
{tretchror bent, raiſe other ſuch like pieces, or columns in the 
middle, with their wheels made hollow as aforeſaid, tro 
{ſuſtain the rope parallel ro the Horizon ; on the rope thus 
doubled, here and there hang baskets, which muſt be fo tar 
diſtant from each other, that they hinder not one another ; and 
the ends of the pieces mult be fo placed, that the power ap- 
plied ro the leavers G and H, may be turn'd about their 
Centres; for ſo the whole Rope with the Baskets banging on 
it, will be curn'd about ſuccetlively : Wherefore.if men keep fil- 
ling the baskets tn A, ard others unload them in B, the 
whole hill will be eafily transferred from A to B. 

Where Note, Thar the greater the wheels D and F are, the 
{wifter the rope and baskets will be turned abour : Which mo- 
tion about the axis, or piece of timber being ealte, may be ac- 
compliſhr by means of ſhort leavers, that fo the motion of 
the baskets may be greater than the motion of the power 
about the piece of the timber. Belides the ſaving of labour, 
and the gaining of time, which is effected by this Engin, ir 
hath likewiſe this conveniency, that if between the two places 
A and B, there ſhould be a river, or ſtream; or ſuch like in- 

acccilible, 
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acceſſible, as if the Farth were to be transferred from a Mound, 


or Hill, to the next adjoining Fields, and there were a large 
deep Mote, or Di:ch, berween them, you could ſcarcely ob- 


tain your dclire any other Way. 


Engin. VII. 
To draw Water, or Man-ral matters, out of deep Wells, 


er P ts, 


Fig. 101. Fcrge Agricola deſcribes five divers Engins, in- 
vented ard uſed ro this end, in his 6th book 
of Minerals ; the firſt 3 wicreot are wrought by men, the 
other two are turn'd mm" by hortes, in all of them he utcs 
a duuble Bucker, or Busket, one of which being empty de- 
ſcends, while the uther being full israiſed up ; in theſe Engins, 
it the Pits be deep there 15 this INCONVEniICr. Cy, that when the 
double rope is of {fuch length, as the depth of the Well, it is 
neccllary thac it be turn'd «bout every where on the Axis of 
the wheel, and it will cake up much ſpace on the Axis, and 
require the Axis n bc the longer ; and by how much thicker 
the rope is, the Ax1s requires 0 be the ſmaller ; 3 Whence It 
will happen, it the Well be not broader than the whole ſpace 
of the Axis, 6n which the rope winds about, the Buckets, or 
BasSKets, will kit agaiift the {:des of the W ll, and retard the 
motion ; bur it you makethe Axis thicker, there will be few- 
er Circumvolutior:s of the rope, ard it will occupy a keler 
part of the Axis, but then it will require a greater force of 
the power 0 raiſe the weight, or wheels much greater, tO 
which the immediate power 15 applied ; moreover, that which 
makes to the reſent thing, and 1s of greater moment, is, 
that the mution wheruby the Weights aſcend, 1s tor the moſt 
part very low ; whorefore We wall de{cribe this Eun, by 
whoſe hclp the Weigh 15 railed with a motion doubly {witter 
than the moticn of the e power, For let there be a wooden. 
Cylinder A B, creeted porpendiculatly, turning ealily on its 
poles,. 
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poles, on whoſe head fit a little wheel A equipped with ſmal! 

Cylindrical ſtaves, being a kind of cog wheel, bur in the 
middle ler ir be firted witha leaver, or a double one C C, ty 
which the power is to be applied : And we will ſuppoſe ite 
power any way applied in C, the circumvolution of this Cy- 
linder tro move circularly through the circumference of 11x 
feet, ſo that four turnings round finithes 24 teet ; and in the 
ſame time by means of the little wheel A, the wheel D E toe 
finiſhes a circuit by only one turn ; but the wheel F G is 
-turned {1x turns, or times, and then the Axis H I 1s moved 
quadruple of the wheel G, to wit, it makes 24 turns, or 
Circumvolutions : Wherefore, if the Cylinder I H (on which 
the rope whereon the baskets are faſtned winds abour) be of 
ſuch a thickneſs, that in its going round, or periphery, 'tis 
£quUl to 2 feet, the basket will aſcend 48 feet, viz. by a mo- 
tion doubly ſwifrer than the motion of the power applicd 
in C. 

Perhaps ſome may ſay, that ſo many multiplications of 
wheels is not neceſlary, if ſo be the ſame proportion, whereby 
the velocity. of the motion of the weight increaſes, or of the 
baskets, above the velocity of the motion of the power, a 
greater power alſo ought to be applied : Wherefore, when the 
velocity of the weight, is greater than the velocity of the 
power, it may be obtained by means of one wheel only, all 
the reſt are uſed in vain. 

I anſwer, that is true indeed, in ſpeaking Mathematically ; 

bur Phyſically, and in PraCtice the thing 1s other- 

Fig.102. Wiſe, which may be ſeen at the firſt view ; tor if 
the power. be applied immediately to the Kadius's 

A, B, ſo thar ic move the Cylinder C D, with a motion 
doubly greater than-t'1e-m2otion of thoſe radius's, or of che 
.power itſelf, the power is more tired ; but lefs, if the other 
wheels aforeſaid come between, or being diſpoſcd in any 
other like manner, ſo that the circle which the power dc- 
icribes by its motion be greater : The reaſon whereof may 
be twofold, the firſt is, becauſe when in this circular motion, 
the power being applied to the radius, the radius hath the 
proportion of a perpetual leaver, and the leaver as is ſaid be- 
fore, is Changed in each point of the Circle, alſo the motion 
of the line of dire&ion, (that is to ſay, according to which 
-the power impreſles the force to the leaver) ought continually 
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to change, ſiice it ought always to be perpendicular to the 
leaver ; and 'ris manifeft, that a power carrot exaCtly every 
moment change the direftion of its force, fo that any force 
ſhilibs according ro a rangent line of its circle, for-as much 
as f.zrce recovers by turns, ſo Imperus imprelks often times by 
curns, that therefore the whole _— Cannot be guided to 
divers lines; therefore ſince neceſlarily this imperfe&tion of 
Impetus, ſabliſts in every animated power (of which only we 
are here ſpeaking ) then the motion will be the eafter, where 
the power ſuſtains leaſt of this imperfection: But this imper- 
tection is lefler, if the motion of the power be Circular, or 
the motion of the circle be greater; if fo be in a greater 
Circle, the defl-xion from a perpendicular line, or rangent, be 
always leikr, ſurely in going about, we move more caſily by 
a greater Circle, than by a leſs, as appears manifeſtly in the 
practice of horſes going about, for as much as while they con- 
tinually bend, and endeavour to make a new line of motion, 
they are much tired. 

The ſecoad reaſon is. becauſe as appears in the ſaid Engin, 
Fig. tor. the motion of the parts of the Engin decreaſes, even: 
ro the wheel F, which is again moved more ſwift by the 
wheels E and D, ard alſo-etk&ts a \wifter motion in the Axis 
I H, and. in the weight bound co the rope : For from this 
decreaſe of ſwitincſs, even to a certain limit of the Engin, 
and again from a new increaſe, even to the end of the ſame 
Engin, and. to the weight ir ſelf, ic comes ro pals, that the 
power ſuffers the lefs reſiſtance: 1 ſay, the ſuccellive com- 
preifion of the parts of the Engin, or the endeavour of the 
l;npetus is propagated from the power towards the weight ; 
and fince the motion is more flow about the middle of this 
Engin, than in its other parts, there, after a Certain manner, 
is the reſiſtance of the weiglit gathered rogether, that rhere-= 
tore the puwer may ſuifer the lets from this chiefly, becauſe 
the dircCti.m of mp from the power towards the weight 
often-times Coming unio.jke for trom new Hpetus's, necellarily 
profccutes its Journey towardsthe weight, nor cannot reflect ir 
WWards tle FOWEr, 
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To apply a wheel to the precedent Engin, and to others 
of the like lgnd, by means whereof the power ts eaſed. 


_— the Engin laſt deſcribed, and all others of the like 
nature, for the molt part require the power to be {utit- 
ciently ſtrong, 1n as much as it ought to produce in the m9- 
vable, a ſwifter motion than the motion which moves it ; 
therefore no Induſtry muſt be ommirred, whereby the power 
may by ſome means or other be helpr, or leſs ryred. And 
thar will beſt be done by adding a wheel of tome heavy matter, 
and alrogether ſolid rothe Engin, as if tothe Axis A B of the 
precedent Engin, there be taſtned an immovable wheel made 
of Stone, L N, parallel to the Horizon : For alchough ar tirft 
{ighr ir ſeems rather be be an impediment, neverthelct5, ir ap- 
pears by experience to add much 17 the acceleration of the mo- 
tion, with leſs ryring of the power; forit it be exactly in Ezvi- 
librio, fo that the Axis pats preciſely through the Centre of gra- 
vity of the Stone Wheel, it will refiſt its circular moi n 
little or nothing, as from what is ſaid may be cafily gathered, 
and as it Clearly appears from what hath been ſaid of circular 
motion ; bur from another original, whence orcec it hath con- 
ceived an Iypetrs, It retains it Jong in itſelf, and the more, by 
how much the heavier it 1s, fo that for ſome ſpace of time it 
will-move other wheels and the weight, by only that Ipetis 
conceived at firit, without any new impretlion from the Power 
whence it happens, that although the power ceaſe for a little 
time from imprelling a new Impetns, or at leaſt doth nor ex- 
ert its force always uniformly, or produccsan unequal Imperrs ; 
nevertheleſs the Impetus Conceived by that wheel, ccaſcs notto 
propigate further, and reduces that incquality, or deformity, 
io fome kind of uniformity and equality, which how mucl1 
"tis in the preſent affair may calily be colleted from what hah 
Deen laid before. | 

But now obſerve, this kind of wheel may be fitted to the 
Ergin 
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Engin in divers parts, and ſundry ways ; and firſt, as ro that 
which pertains to divers parts ; "tis manifeſt in the Engin now 
deſcribed, thar itmay be applied cither ro'the Axis or Cylinder 
A B, or to the Axis E N of the ſecond wheel, or to the' Axis 
F G (in which caſe it will have another ite, or poſition, viz. 
perpendicular to the Horizon, or vertical) or laſtly, it may be 
placed alſo ro the Axis H I; Wheretore 'tis queſtionable what 
place it ought to be fixt, to perform the belt ctfe&. I ſay, 
then it will perform the beſt effeCt, if ir be placed there were 
the greater force of Impctus is gathered together, to wit, in 
that part of the Engin, which ought to move moſt {wift ; for 
ſince it better obtains irs end by conceiving a- greater Impetus, 
and ſince by reaſon of more gravity, 'tis Capable of more Impe- 
tus,'tis plain that it muſt be placed there, where the greateſt 7:- 
petus 1s Conceived : From hence it is that in the Engin deſcribed 
above, 'tis better placed in the Axis IH, than in the Axis 
GF, becauſe that is moved ſwifteſt : And better in the Axis 
G t, thin in the Axis A B, becauſe while the Axis G F, is 
turn'd round fix times, the Axis A B is turned orly 4 times ; 
Laſtly, "tis better placed in the Axis AB, than in the Axis 
E N, ſince this is turned ſloweſt of all. But when "tis placed 
in Engins, whoſe parts the further they are from the power, 
are moved {lower and ſlower as ſome are, this wheel will be 
more conveniently placed to the firſt part of the Engin, ta 
which the power is immediatcly applied. ' Burt contrariwiſe 
in thoſe Engins in which the motion is fwifter, the more the 
parts are diltant from the Power, the wheel muſt be fitted to 
hindmoſt parts, agreeing with the more remote parts from 
the power. 

Alſo vbſerve; whereſoever the forefaid wheel is placed, it 
ought to be the more heavy, by how much flower it ought to 
move ; bur if ir be placed where it moves fwifily, a lets pro» 
portion of Weight will ferve : For as much as it appears from 
che doQtrine of circular motion, that the heaviclt wheels main- 
rain the umpreſt Impars longeſt, although they are moved. 
flower than the wheels that are lighter, which lighter whec!s, 
it an equal Iperus be impreſt they move ſwitter, but fuoner 
part with or loole the [raperys. 

Moreover, | obfcrve, and I propoſe it as 4 new inventio: 
in this matter of great moment, that "tis puthble by means ov: 
this whecl, to promote the celerity of the motion muck : 
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the movable, or. thing moved, bur adds bur little ro the 
pgwer: FREE | | 
* Fig. 103, For let the Power be applied in H, which moves 
the Axis.A B, and by that means the wheel-B C, the wheel D, 
and ar laſt by the help of this, the little wheel FE, with the 
axis E I, to. which the rope is faſtned, and turn'd abour, thar 
rakes up the weight, or for any other uſe. In this Engin you 
ſeethe motion always accelerated from the power rowards the 
weight, or the Extream parc of. the Engin E I : If therefore 
there be ingrafted* to the Axis E I, a wheel of an inditterenr 
weight, but yet large as. F G, this from what hath been faid 
will notably promote the Celerity of the motion, ſo that the 
fame power may be effe&.aſwifter morion,uling only the ſame 
power with this wheel than without it: Now therefore, ſince 
the Impetus.Once. conceived, may eaſily be continued by this 
wheel, ſome. power. being added immediately ro it, which 
either continually, or at leaſt now and then, and often will 
renew that. conceived Impetus: Example, a rivulet of water 
falling from on high, on the little boards, or rather bucket of 
this wheel, it will come-to paſs, that how little foever this 
impulſe be, while *fisin a manner continual, or at lcaſt often, 
notwirhſtanding being addcd to the impulſe already conceiv- 
ed from the great wheel to-this wheel, and fo alſo to the moy- 
able, it effects the Celerity. 

Secondly, The forefaid wheel may be placed either in a 
perpendicular axis, fo thatit may obtain an Horizontal fite, as 
is ſeen in the foregoing Figure, or in an Horizontal axis, ſo 
that it may obtain a vertical fite or perpendicular to the Horji- 
zon, as in the preſent Figure: An41 although in order to mo- 
tion, the facility differs little, which way of the two you 
place it; notwithſtanding, I eſteem it more neceſſary to be 
placed in a vertical fite, becauſe, when in ths Cafe, the axis 
to which -*cis applied necelfarily ought to be Horizontal, the, 
weight it{clfof the wheel lies on rwo Poles, ard fo being di- 
vided berween two, each Pole futters lefs compretſion, ard the 
reliſtance is lefs which arifcs from the weaing, or rubbing of 
che ſame. Poles: Bur if it be placed on a perpendicular xis, 
the whole weight of the wheel Iics on one Pole, wiz. the 
lowett, ic may feem ro retard the motion of the other wheels : 
Nevertkelcts, bccaule that very often the motion of the axis 
is Wont to be madg in a perpendicular fire, beazing on the 
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middle part of the lower Pole, they ſharpen it fo, that the 
whole weight is born on a ſmall part of the Cavity, that, as I 
have ſaid, therefore; the wheel-may move the others with more 
eaſe. 

Laſtly, The fame wheel, of which we are ſpeaking, may 
be uſed doubly in a vertical fite : Firſt, ſo thar ir ſtand wholly 
hang'd up in the air, and equilibriated, as in the preceeding 
Engin. Secondly, So that it inſiſt or ſtand on the ſubje&ed 
pavement, and curn'd about upon it ; in which caſe ir hath 
alſo more force, than if ir were ſuſpended wholly in ſome 
axis : But the Pavement ought to be made level and plain, and 
ſolid, as of poliſhr marble, or ſuch like matter, and the-cir- 
cumference of the wheel, which . immediately .zouches the 
pavement, ought to be exactly turned, that no impediment 
retard the motion. So the wheel A B being applied | 
to the extream part of the leaver CD, to which Fig. 104. 
leaver in like manner, apply a power moving the 
Cylinder, or Axis DE, and by this means, the wheel E, and 
oftentimes other wheels,for while the Cylinder is turned about 
by the Leaver, the Wheel A B, roles about its Leaver, lean- 
ing 0n the pavement, and from a double motion, to wit, one 
about its centre, or about the Leaver C D, which is inſtead 
of an Axis, and the other about the Cylinder D E, while ir 
runs out from B to F, ec. And in this manner, it may be ap- 
plied almoſt ro all Engins, but eſpecially, to thoſe with which 
we uſe to move great weights. And the greater this Wheel 
is, the better it performs the effect, ſo that the weight be in 
propoirion to thepower applied. 
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To raiſe the Water of a Fountain always flowing, 
to any height, by a voluntary motion, although the 
beight be greater than that to which the Water de- 


ſcends. 


Fig. 105. His Invention, if you entertain the perpetual 
motion, eaſily ſecures to it felf the chiefeſt 
place : For 'tis eaſfte to draw Water by a voluntary motion, 
to 2 greater height than is that from whence the Water of the 
ſame fountain deſcends, as is manifeſt in Spirital Engins, bur 
ro give it a Continual mution, that it ſhall never require the 
hand of a man, this without doubt deſerves great praiſe. 
This Engin contains two buckets, filling them from the 
fountain, of which while one aſcends the other deſcends con- 
tinually, without any labonr, and ſerves the Water for Do- 
meſtick uſe ; therefore to make the Water aſcend - to a ſpace 
doubly greater,than is the ſpace of theWater defcending,it muſt 
be diſpoſed in this manner, as 1s repreſented in the Scheme. 


A, Is a Veſſel, or leſſer Bucket which aſcendeth,' this being 
full, weighs leſs than the Bucker M being full, - which deſcends ; 
but being empty that weighs more than this when empty ; 
Hence 'tis, that while both are filled rogether frum the vellel. 
S, the Bucket M deſcends, ard by its weight draws the Buck- 
et A up: Bur on the contrary, While both together are emp- 
tied, the Bucket A deſcends, and by its weight draws upthe 
Bucket M. 

B, Flips ro keep the Water in, tyed with a ſtring to the 
teaver: D, this Ieaver D turraing eafily about tte Axis C crofs- 
wife, while the Bucket is raiicd up on high, hits againſt the 
piece of timber Z Z, and opers the tlap B, and gives way for 
the Water to paſs through the little Pipe E into the Vellcl X. 
The faid flap B being fomewhat large, whereby the bucket 
iy be cmpriced the ſooner ; make the bottom Rot 
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low, leſt the emptying of the Bucket any way hinder ; and 4a- 
noint it with greaſe, that the Water may keep inthe better. 

C, A ſtick joined tro the bucket a-crofs.ar.d made fait to the 
teaver D, which we call an axis a little before, bec.mule of its form. 

D, A Leaver with a litrle Wheel, or a Pulley 4; annexr 
ro its top, the lower end of which leaver, is bourd to the 
flap B, with a ſtring, for this end, that white the Bucket A, 
aſcends towards the piece Z, and hits againſt the Leaver, the 
flap is opened and the Water goes forth. 

E, A littte Pipe, or ſmall Tube, joined in the bottom of 
the Bucket, fo that it anſwers beneath the mouth of the hole 
of the flap; through it the Bucket is emptied within the 
velel X, the Orifice, or Mouth, and its Cavity, are not lct5 


than the hole of the flap B. 
F, Rings- on both ſides of the Bucket, in which are ingraf. 


ted Iron threds, or chords G G. ; 

G, Iron threds, or chords, which muſt be firmly exrerd- 
ed, leſt. the Bucker in going and coming hit againſt the fide, 
and eſpecially while the leaver 6b-hits againſt the piece Z. 

H, A round piece of Timber, ro: which the faid Iron 
Strings or Wyers are faſtned, which Threds or Wyers oughe 
to deſcend _ from the- piece Z, even to the piece H altoge- 
ther perpendicular , and to: be diſtant from each other 
ſuch a ſpace, that they ftrain not the Rings that are fixt to: 
the Buckets, or at leaſt but lightly, that fo the Bucket may 


aſcend and deſcend freely, and without violent wearing. 
I,. A Rope to which the Bucket A is faſtned, paſſing over 


the little wheel, or pulley K, and within the pulley L, and 
from thence extending to the faſtned pulley K e, to whole 
rOp it 1s faſtned. 

K, A Pulley joined to the piece Z, which muſt be large- 
for many reaſons, and a hole in the middle, and let there be 
a ſmall Axis palling through the hole, which will bear the 


weight of the Bucket and Water. 
K e, A fixt Pulley, that is, it doth not turn about. its Axis, 


but is immovable, or rather a fourth part of a Pulley, its Semi- 
diameter ought to be equal to the Semidiameter of the Pulley 
K, that therefore the motion of the Bucker. M, may remain 
uniform, that is, that it may remain always n. the ſame per- 
pendicular ; otherwiſe the Rope of the Bucket M, will raze 
2g2inſt the Iron threds, or chords GG, and ſo the motion: 


will be hindred, 
' L,. Ano- 
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L, Another Pulley, which while the rope I draws on 
; both fides, cauſes the aſcent of the Bucket A, to be as {wit 
again as the deſcent of the Bucket M, and therefore that runs 
double the ſpace in the ſame time as this ; for which cauſc the 
weight of the Bucket M full of Water, ought to be as much 
more as the weight of” the Bucket A being full ; bur on the 
; Contrary, the Bucket A, although ir be leller than the Bucker 
M, ought to weigh more than it, they both being empty, 
notwithſtanding : the exceſs ought to be indifferent, and 1o 
. exact, as will ſuffice that the Bucket A being empty in de- 
ſcending, may draw up the Bucket M being empty. 

M, A Vellel, or a great Bucket, which by its defcent 
- draws up another leller A, it hath a flap B, and lutle pipe E 
in the bottom, rings F F on the fides, Iron threds or chords 
G G, as the formcr Bucket A, neverthelcfs, the leaver 15 ap- 
plied in a divers manner. 

N », A leaver placed upon the Bucket M a-croſs, to whoſe 
-end 7 there is annext a ſtick » a, hanging or dangling, this, 
while its end a, deſcending with a bucket rouches the Earth, 
raiſes the leaver N », and opens the flap B, of the bucket M, 
.at the ſame time in which the flap B of the bucker A is 
. opened. 

Oo, Two ropes faſtned* above to the bucket M, and below 
to the piece Y, or to the Earth, tothe end, that M ſhould nor 
aſcend beyond its due limits, nor A deſcend bcyond his : 
I, 2, 3, 4 &c. are leaden weights to weaken the Impetres of 
the motion in the deſcent, while they lye ſuccalively ong at- 
ter another on the earth, and leflen the weight of the bifcker 
.ro which they are faſtned; but in afcending while they are 
elevated from the carth one after another, they adjoin new 
weight tothe ſame bucket ; and they may be more or Iſs; 
according as is neceſſary. | 

P, A piece laid athwart a little above the bucket M, having 
a hole in the middle, through which a rope paſlles freely 
without rubbing, to which the bucket 1s faſtned even to the 
knot Q, which knor when ir comes to the picce P, ſtays rhe 
motion of the bucket M, and hinders it, that in deſcending 
it daſh not againſt the earth, nor the bucket A in aſcending 
hic agai.iſt the piece Z Z. 

Q , The knor ſpoke of but row, to it may be tyed a ſtaff 
a-crois, or overthwart, which may catly.be looſt and chang- 
ed as nced 1s. R, Anv- 
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R, Another knot with a ſtaff thwart, which muſt be fo far 
diſtant from the former knor, as is the ſpace of deſcent of the 
bucker M almoſt co the earth ; this knot may execute the of- 
fice of the ropes O o, if the weights 1, 2, 3, &c. be rot necel- 
lary. 
S, A veſlel deſigned to receive the Wearer from the Foun- 
rain, it hath a flap, anda little pipe 1n the botrom, as have the 
buckets A and M, neverthelcts, the little pipe ought ro ſt 
out the water from each tide, and ar the fame time almoſt, cv 
fill rogether the bucker A, ard rhe bucker Al ; and becaule 
theſe buckets are of divers Capacitics, the {1d two little pipes - 
ought ro caſt our an unequal quantity of water from the vellel . 
S: This veſſel muſt not be inthe midd!e berween the two buck- - 
ets, bur behind after them. 

7, A lkaver faſtned by a ſtring or rope, to the flap of the 
Vellcl S ro open it ; on therop ir hath rhe table F adjvined, that 
the ſtatf V may hit ſecurely on it, and raiſe the leaver. 

V, Aſt fixed firmly to the fide of the bucker M, with a 
little wheel or pulley on the top ; this when 1is pulley raiſes 
the leaver T, and opens the flap of the vellel $, while the 
buckets are filling, the bucket M defcerds, ard with it the ſtaff 
V, and ſo the leaver T is let down, ard the flap of the veſſel 
S, is ſhut again, until the veiſels are emptied below, andabove; 
M returns back with its arm V, and raiſes the leaver T again, 
and opens the flap of the veſſel S, as before. 

X, A veſlelto receive the water of the bucket A : This veſ- 
fel ought to be ſuch a ſpace bencath the piece Z, -thar while - 
che leaver D hits on the piece, the little pipe E within the 
velkl unloads the water of the bucket A. 

Y, A piece of timber, a ſtump, or a ſtone, to which the - 
xopes OO are faſtned. 

Z,, A picce of timber to which the pulleys K and K e are 
affixt ; this piece of timber hath the table b aihxt to it at right 
angles, on which hits the little wheel: of the Ikaver D, and 
draws near to the wall, ard draws the bucket A with it to- 
wards the wall, that the little pipe E may hang over the head + 
of the veſſel X ; which may allo be done otherwiſe. 

This Engiv which was made at Reme in the Convent of Sr. - 
Marie de Vittoria, the leilcr bucket did Contain more than an 
whole Urn of Water (at Rome they ſay un Barile) but before 
while they ulcd letter buckets, the: Engin wanted ſucceſs. : 

Note 
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Note alſo, that the bucket A ought firſt to be empried, and 
then the bucket M, otherwiſe the water as yet contain'd, by 
the more heavy weight, would deſcend with roo much force, 
bur you may obtain that by making the little pipe E of a duc 
magnitude. : 

Its flaps are of matter, and form, and magnitude, that the 
water before they are opened, no way runs out ; in the tore- 
ſaid Reman Engin, a palm, or hands breadth was the length, 
and half a palm the breadth : The matter was Lead both ot 
the little tongue, and the table, in which the hole was, and 
was ſhutby the tongue : If they are made of wood, they have 
nor ſo good ſucceſs. 

The Pulley L hath as much diameter, as is the diſtarce be- 
tween the true Pulley K, and the fained one Ke. 

The weights 1, 2, 3,4, &c. are faſtned to the ropes O Q, 
for this end, to ſtop the Imperxs of the deſcending bucket A ; 
for belides the Imperrss which always increaſes in heavy. budics 
deſcending, the Imperzs likewiſe is too much acquired from 
this, thar when it comes to the piece Z, the whole weight 
of the rope I hangs on the other part of the Pulley K, and in- 
creaſcs the weight of the bucker M ; but when after the emp- 
tying of the buckets, the bucket A being heavier than the 
bucker M, together with the weight of the rope, it begins to 
deſcend, and draws with it the rope [, and therefore draws to 
it the weight of the Rope, and takes away the ſame tiom the 
bucket M. Then how much more is added to one, ard ta- 
ken from Uuthir, fo much the more the [mp«tss increaſes of 
the bucket A , which Impetrs is weakned by the firclid loa- 
den ÞPlummets, while they are raiſcd from the carith tuccet- 
tively. 

Alſo beware, left the ropes are made wet by rain, or by wa- 
er, Other wile they will be contracted, ard nut retain their 
due length. | | 

Laſtly, 'Tis obſerved in th: forefaid Engin. that the water 
is raifed as high again in thc buckter A, as it defccrids in the 
bucker M, by reoſur of thc Pullcy M, which doubles the 
rope : But if tiny voce would have the water riſe tour Limes as 
high, he miſt add anotiicr Pulley, and anotner. rope ; in like 
manner by the hcly of three pulleys he may make the waicr 
aſcend ro eight timcs the hight, ec. fo that the: water Con- 
rain'din the bucket Al, be quidiuple ut uEtuple, of that Which 
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is in the bucket A, yea, and ſomewhat more, thatthe bucket 
being full, may out-weigh the; bucket A, and may draw it 
downwards; although the bucket A being empty, ought al- 
ways to be heavier than the -bucker M in like manner being 
empty. 7 
| SR in his Technica curioſa deſcribes an Engin ſomewhat 
different from this,which was. made ar a Noble Man's Houle at 


Baſil with good ſucceſs. 


Engin. X. | 
To perform the ſame thing eafuly in any'grven proportion 
of Herght. 


Fig. 1c6.J Et there be a fountain of conſtant Water running 

into the Veſſel A, or art leaft let it be derived thi- 
ther from ſome continual Fountain, and you would' raite it to 
the Veſſel B, whoſe height above A is 2o feet,. but from A the 
water.cannot deſcend deeper thanto C, to wit, 10 feet beneath 
the Fountain A; nigh the Vellel B diſpoſe the -Axis DE in an 
Horizontal ſite, eaſily turning about the extream poles ; diſ- 
poſe ſuch another like Axis near the Fountain A, and annex to 
cach of them the Tympane F, and the wheel G I; Tympanes 
of this kind are divided by Iron Rods, or Sticks, and of fuch a 
largeneſs, that there may be put upon them conveniently lit- 
ue Veſlels, joined rogether by a Chain annext ro one another in 
manner of a Ring ; it mattersnot what faſhion the little Veſſels 
are of, ſo that they receive the Water eaſily into them, and 
empry the ſame out of them again, we have delineated two of 
them together in the figure LN; thoſe which are pur abour 
the.. upper Tympane hang on the ſame, and they extend 
or reach along to the water of the fountain A, and are dipr 
into it ſuccellively, and draw the ſame while the Tympane is 
rurn'd about ; but when they come to the top of the wheel, 
they unload the ſame water, and pour it into the upper Veſle] 
B. But from the water of the ſame fountain A, the Vellels pur 
about the lower Tympane mult firſt be fill'd, which ought to 


have a lictle hole open in the bottom, that the water may flow 
trom 
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from'the Veſſel L into the lower Veſſel N, and from N into 
another, and fo ſucceſſively all rhe'Veſſels of one ſide are fill'd ; 
for then the weight of them and the water turn about the Tym- 
pane,' together with the wheel G I of the lower Axis, which 
wheel running into the other, moves. the upper wheel and 
furns it about with the Tympane of the Axis D E, that thelit- 
tle Veſſels draw the water from: the Fountain, ard raiſe jr in+ 
to the Veſſel B; bur becauſe the water ought to be raiſed dou- 
ble the height in B, that ir deſcends in C, therefore the upper 
crown; or ring-of litrle Veſlels;,ought-m tHke manner to be- as 
long again ( or doubly longer ) and therefore that ir may be 
carried abour, and raiſed, from the lower crown, or ring, being 
but half ſo big ( or doubly lefler;') thoſe little Veſlels ought 
to be. leſſer, ſo that they. rae upward-in-the ſame munner tub= 
duple, or halt the water, yea, rather lIcfs, becaultc of the reti- 
ſtance of the Engin, bur the lower little Vellcls receive double 
the water, or ſo much as ſuffices ro move both the Wheels. 

The lower Tympane may conveniently hang ovef.the Well, 
or Pir, defigned-for it, within which.the Crown or Ring of 
little Veſſels defcending, when they come ro C, the little Veſ- 
ſels are unloaded ſuccellively, fo that one fide of the Crown is 
always: full of water, and out-weighs the other tide, and turns 
about the Axis: Thar if the upper Veſſel B being filled with 
Water, which aſcends upwards, it again flows into the lower 
Veſlcl A, and the lower part of the Engin is fo accommoda- 
ted, that the pouring out of the Water, appears nor by means, 
whereof the lower Tympane is moved, and the Spectators 
may eaſily be deceived, thinking that Water only to deſcend 
which at once aſcended, that therefore. they may think it a 
kind of perpetual motion. | 

If the weight of the Water of the lower Tympane be don- 
bly greater than the weight of Water which afcer;ds to the 
upper Tympane, this Water may «be raifed to a double Alti- 
tude, and therefore a crown of little Vellels doubly longer muſt 
be uſes ; and thoſe little Veſlcls of the upper Tympane will be 
proportiona!ly lefler in the ſame manner, viz. if the watcr be 
to be raiſed triple or quadruple higher, the little Veſſels of the 
upper Tymp.ane, or wheel, mult be triple, or quadruple lefler 
than thoſe of the under or lower Tympane, or wheel, ſo thar 
the length of the upper Crown is made amends by the mag- 
nicade of the little Vellels of the lower Crown. 

Bur 
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But the little Veſſels _of þoth Crowns may be made equah 
and nevertheleſs -.the Water may be. raiſed; to any height, ro 
wit, if the wheels G I which bite eachother, be made-;une- 
qual; for if the upper wheel hath its Diameter doubly greater 
than the under wheel, this will move that with a weight of 
water doubly leſs, and therefore a.cxown of little Veſſels dou- 
bly leffer will be equal to the little, Veflels of the upper Crown; 
I ſay, the ſame of any other proportion, triple, quadruple, 
&c. wherefore amends may, he madedivers ways for the height, 
and plenty of water aſcending, either by means of a greater 
upper wheel, or by means of greater liccle Veſſels of the lower 
wheel, or Tympane, or partly by means of the greater wheel, 
and partly. of the greater ſmall Veſlels. 

Bur if from all the Water in the Ciſtern A continually flow- 
ing, the greater part of it is to be raz{kd in the upper Ciſtern 
B, as if you were to raiſe three' partsiof tour of-zhe, water, and 
but one part only to deſcend, than the, lower Crown muſt be 
3 times as long as the upper Crown, and the little : Vellels of 
the ſame mult be ar leaſt three times lefler, if both the Axes of 
the wheels G and I be equal. Bur if the, wheels G I:,be unes 
qual, the proportion may be made. fit another way; for #f the 
lower wheel be three times greater than the upper. wheel, the 
litrle vetlels of the Crowns may be made equal, but the lower 
Crown ought to be three times greater;. for in-this caſe,- while 
the lower wheel is turn'd about only once, ſuppoſing five of its 
lictle veilcls to be fill'd, the upper Wheel is turn'd about thrice, 
and therefore fitteen of its veilels draw water, and inlike man- 

1cr 15 vellels of water they pour into the Ciftern B. 

Alſo both crowns, or chains, to. which the little veſſels are 
faltned, may be accommodated to one and .the fame upper 
wheel, bur it will be neceſſary ro fit ro the wheel two wheels 
with Axes, as\is declared betore : But if the altitude to which 
the water is to be raifed, bc fo high that it requires very great 
wheels, other wheels may be diſpoſed in the middle berween 
each wheel, which may be moved {ſucceſſively by the lower 
whecl, equally or uncqually, according to the proportion of 
the quantity, of water, or the magnitude of the little veilcls; 
for this will be very commodious, as if the water be to afcend 
higher, we add to the Ergin one, or mvure Whcels, if not ſos 
high, we take 2way the lame, making no mutation or altera- 
tion of the Crowns, or Vetlcls; moreover. the veils of buth 
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crowns may be always equal, and yet the water- may aſcend 
ro divers heights, the lower crown remaining the ſame-and nor 
alrered, by only changing the magnitude of the upper crown; 
for as isTaid above, if the water ought to aſcend 4 times as 
high as is the deſcent of the other, *tis ſufficient that the crown 
of the upper wheel be 4 times greater, or ſomwhar leſs; and 
the-upper wheel G I, muſt in :hke manner be 4. times greater 
than the lower, or little more ; for ſo the upper wheel will be 
moved 4 times-ſlower, and-will raiſe a fourth part of the wa- 
ter, the crowns, or Chains, of both veſſels being equal. 

Likewiſe the Wheels and Axes may be multiplied together 
with wheels annext, and the chains, or crown, of velicls, ſo 
that one be put upon another ;. for we may make another 
wheel to exiſt on the Axis D' B, which may be moved by the 
middle wheel GI, and furniſh ir with a-wheel; and a chain of 
{ſmall veſſels. deſcending into the Ciſtern B, and+drawing wa- 
ter from thence; moreover that water now raiſed into B, may 
from the crown, or chain H I again be raiſed either all, or ar 
leaſt, part of it-into another Receptacle, or Ciſtern,higher, and 
from this- into another as high as-you pleaſe, all which we 
leave to the will of the- induftrious Arrificer, ſince we have 
ſhewn ſo many ways, it may ſuffice. 


—_— Pn 


| Engin XI. 
To empty ſtanding Waters. 


Fig. 107. A is a long jagged wheel joined together with 
, ſtrong pieces of Timber, deligned for the draw. 
ing off, or draining of water ; the length may bemade at plea- 
fare, according to the proportion of the breadth of the water, 
alſo it may be made ſo broad, that the whole Semidiameter 
from the Circumference to the Axis be immerſt in water, yea, 
the Circumterence may touch the bottom, tur as much as the 
moving force ofthe wheel may be ir.creaft. as you pleaſe, and 
as need requires. 
? ' From this wheel A; the Leaver B paſſing through the wheel, 
and the water exrends to rhe Eurth,our Shoar, where is ered 
a..wooden receptecle C C; the. wheel 'D is adjoined to the 
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leaver B, which compriſes the wheels E and F, and theſe the 
wheels G and H, and theſe the wheel I. 

The leaver of the wheel I reaches ro K, where ir hath a 
ſtrong Iron - Ring put about it, which is furniſhe with holes 
through the Circuit, and ftands out rowards L, that it may re- 
ceive L within it. 

LQ is a Cylinder, whoſe end L is furnifht with a like 
Iron Ring bored through in the: Circuit, only "tis a little lefler 
or ſtraiter than the ring K, that it may be thruſt within ir, af- 
ter that the faid end L is pur within the ring K, both the rings 
are firmly bound by Wedges and- Hooks of Iron driven in 
through: each correſponding: hok, that- the Cylinder E Q, to- 
gether with the leaver K, may be turn'd- about: In M are 
Wedges, and Hooks of Iron, which are join'd to the two ſaid: 
iron rings K and L, and made firm, that the axis-K and the 
Cylinder L may be turn'd together, the rope that draws is 
folded about the Cylinder L Q , which muſt be lengthned thar. 
it may paſs above the wheel.or pully N ; to the rope is hung 
the weight O, of as many. hundred: pounds as you pleaſe, or 
neceility requires ; this weight, while the rings K and L are 
firmly joined, turns about the: wheel I, and. this the middte 
wheels H and G, then E and F, and at laſt D and:B.. 

The weight O, how great ſoever ir be, after that 'ris turn'd. 
about with his rope; it may be raiſed again, or by a man on- 
ly, it may eafily be done with the Engin called Pancratium P. 
which that ir may be done, 'tis necetlary thas the. end Q: of 
the Cylinder L Q be not round; but fquare like the end ofa 
ſpic, which being turned. round, the little Engins are turn'd a- 
bout, and 'tis bored through that it may receive a Nail, or a 
Wedge, but the end of the Axis of the loweſt wheel-of the 
Pancratium Ought to have a ſquare hole which agrees with the 
ſaid end Q, that this may be put into thar, and-faſtned with a 
Nail, or made firm with a wedg after that manner, that a' 
Spit 1s thruſt into the hole of the round machine, or wheel, thar: 
turns the Spit. | 

Then when the weight O is drawn to, I take away the 
wedges and hooks M, from the rings that are conjoined.to K. 
and L, that L may be freed from K, then I apply the Pancra-: 
!'5um tO the {quare end Q, and turn-about the. handle of the 
Pancratium, "which when done, . the wheels I, .H, G, ec. reſt, 
bur the weight O is railed, and the leading rope.is.turn'd about. 


he Cylinder L Q._ After. 
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After that the weight O is raiſed, join again and make firm 
one within another the rings K and L, but remove the Pan- 
cratium from Q, and the weight by its deſcent will again curn 
the wheels I, H, G, &c. 

From whence it appears, that the-chief Artifice is placed in 
this, that as great a weight as you pleaſe may be applied in- 
ſtead of a power, by means whereof while it is moved very 
lowly, it effeRts a ſwift motion in the extream wheel of the 
Engin; and again, by applying the Pancratium P to the Engin, 
whole Fabrick is declared above. 

Bur becauſe perhaps it requires as much time to raiſe the 
weight O with the Pancratium, as is that wherein the ſame 
weight deſcends, and therefore great parr of the Engins time 
is loſt by this effe&t; therefore I adviſe ro diſpoſe another Axis 
T V upon the Axis LQ, and in the mean time while the 
weight O deſcends, and the Engin performs its etfe&t, the ſame 
Pancratium being applied to the Axis T V, may raiſe another 
weight X, to be applied again preſently to the Engin, as the 
weight O comes to the bottom, to be taken up again by the 
fame Pancratium, while the wheels are turn'd about by the o0- 
ther weight ; for ſo the Engin, or Machine, will never ceaſe 
from motion, beſides that little time wherein the rope being 
looſs'd from the weight,is again turn'd about the Axis L Q ,and 
the faſtning it ro the other weight now raiſed above ; yea, 
thoſe iron Rings and Wedges will not require to be uſed, if 
fo be you can uſe one continued Cylinder only ML Q, to 
which the rope may eafily be wound about, fince this will be 
free from the weight; Or likewiſe a double rope may be 
uſed, one of which without weight ( or at leaft but a litcle ) 
may be wound about the Cylinder, while the other 1s roled and 
drawn downward by the weighr. 

This Engin if ic be made after the forcſaid manner, it will 
be . indeed more ſimple and eatie, and ſerve for many other u-- 
ſes; as for Example, the lower wheel'B will eaſily be applicd 
ro a vertical wheel, which will likewiſe turn about ſwiftly a 
hand mill; in like manner there may be added to the Axis B 
D, pins to take up Peſtles, wherewith mineral Veins may be 
pounded, or Gun-powder, @c. as is declared betore, alt 
there may be many other wheels ro turn about to wind filver 
Thred, and other fuch like, as will appear to the Conlidcrate. 
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Engin. XII. 


By whoſe means the water always aſcends to any given height, 
ſuppoſing alſo it be but a ſmall ſtream of water, ſo it be 
but conſtant. 


Fig. 108.Y Et there be a large Receptacle, or Ciſtern A B, in- 

to which the water conſtantly flows through 
ſome Channel, or Pipe C, below that ciſtern make rwo other 
ciſterns G H, and X Z, in two ſeveral places of ſufficient big- 
neſs, according to the proportional quantity of water, which 
mult deſcend by turns from the ciſtern A B, into thoſe rwo 
lower ciſterne, as will appear by and by, and for that cauſe the 
Tubes F G,muſt deſcend from the bottom of the ciſtern A B, in- 
co the ciſtern G H, and Y X into the ciſtern X. Z, and theſe 
ciſterns muſt be furniſhrt with a cover, and the cover muſt come 
Cloſe to the fide, for they ought to be every where cloſe and 
ſhur, but the ciſtern A B muſt be open; thoſe Tubes upon the 
bottom of the ciſtern A B, muſt have flaps E and D, fo thar 
their mouths may be ſhut or open: The ciſtern G H will need 
another Tube in its lower part, furniſhe likewiſe with the ffapT, 
and the ſame muſt be as near as may be of the magnitude with 
the Tube FG and Y X; the ſame muſt be performed in the o- 
ther ciſterrrX Z,which in like manner muſt have the like Tube 
Z furniſht with a flap. 

Through the cover of the ciſtern G H, a ſmall hole bein 
made, deſcends a rod of mettal O M fitting the hole, to whoſe 
lower part the braſs veſſel M is ſoddred faſt being inverſled, to 
wit, ſo that the open part of the vellcl, or bucket, look down- 
wards, and to the other end of the rod O, is faſtned the arm 
O N, which is ſo poſited in N, that it may eaſily be moved up- - 
wards or downwards ; to the ſame little arm O Ns affixet ſuch 
another like rod, which deſcends in the ſame manner-into the 
!ower Ciftern, and ſuſtains the weight L within the Ciſtern ; 
nally, thai live erm is furriſke with a little wing a, hindering 
its coming upwards, and. 'tis intercept-d- with a double ſtaff, 
or ſpear, or between the noch Þ N, tis interrupred- by. the. 
lude arm 6 a thwart ; this kind of. fraff, or notch, on its up- 
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per part P, is faſtned to another ſtaff or leaver P Q V, and to 
the ſame leaver in Q, is knit or faſtned another rod I Q R, by 
whoſe means the flap I is opened and ſhut: Furthermore the lea- 
ver RS T is moveable about the centre, by help whereof while 
the flap D is lifted up or opened, the other flap E is depreft 
a:d ſhut, and vice verſa. 

Theſe things being thus diſpoſed, that fome determined part 
of the water which deſcends into the Ciſterns G H and X Z, 
may aſcend again to any given height, (as for example ) into 
the upper cCiſterns A and B; above the ciſtern G H make ano- 
ther vellel,or ciſtern C E, yet fo, that it may be ſomewhat low- 
er than the ſuperficies of the water that is in the ciſtern A B, and 
ler it be cloſe ſhut every where that no air enter in. Through 
its bottom, and through the cover of the ciſtern G H, ler the 
Tube C H deſcend reachingalmoſt to the bottom of the ciſtern 
G H, and almoſt touching the cover of the ciſtern CE. Then 
from the ſame veſſel C E,muſt aſcend two other Tubes into ano- 
ther veſlcl like that before, ro wit,the Tube E F, which almoſt 
touches the botrom of the veſſel C E, and the cover of the up- 
per veſſel D G; and the Tube CD, which aſcends from the 
cover C of the lower veſlel, almoſt to the cover of the upper 
veſſelin D ; altogether in the ſame manner, two other Tubes 
GA, DH, mutt aſcend from the veilel D G, into the veſſel 
H A. Laſtly, in the uppermoſt veſſel A H, which much be 0- 
pen withour a cover, fit a Scyp-on A P, through which the wa- 
ter is derived,or conveyed, into the ciſtern PQ defigned for ule. 

Above the ciſtern X Z, in the ſame order muſt be placed fo 
_ and altogether the ſame veſſels furniſhr with the ſame 
Tubes. 

Then from the ciſtern A B, by opening the flap E F, the wa- 
cer flowing into the lower ciſtern G H being cloſe ſhut, *tis com- 
pell'd by che compreſt Air to aſcend through the Tube A C, into 
the upper veſlel C E, the Air being excluded in the mean while 
from it by the Tube C D. Burt in the fametime in which the 
vellel CE, is fill'd with the Tube A C,'its breadth being leſs than 
the breadth of the Tube Þ G, the water always fills the ciſtern 
G H,.and forces the inverſs bucket M to aſcend, untilat length 
by means of the leaver,or arm O N, hitting againſt the little arm 
b, raiſes the ſtatf Þ N, and the ſame work interpoting Þ Q V, 
opens the flap I, and ſhuts the flap Z, and likewiſe by means 
of another leaver R T S, the flap E is ſhut, and the flap D 0- 
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pened. Then from henceforth preſently the water from the 
Ciſtern A B, begins ro flow into the other ciſtern X Z, and from 
thence aſcends and fills the upper veſſel L, and at the .ſame 
time by opening the flap I, the receptacle G H is emptied of 
all the water, and therefore the inverſe bucket M deſcends a- 
gain, and the weight L in the middle, and the wing & draws 
down again the ſtaff P N, and ſhuts the flap I, and opens the 
flap Z ; and likewiſe ſhuts the flap D, and opens the flap E, that 
the water. may again flow into the receptacle G H; then by 
condenſation, or preſſing of the Air interpoſing, the water 
which now ſhould aſcend into the veſſel C E, is forced to raife 
higher into the veſſel D G, which being filled, they preſently 
change turns, and the flaps Z and E are ſhur, and I and D are 
opened, and ſo the water aſcends from the veſſel L into the 
vellel M; this in like manner being fill'd, the flux of water is 
changed, and the water aſcends from the veſlel D G, into the 
uppermoſt veſſel A H, afterwards from the veflel M, into the 
vellcl B, while in the ſame time the veſſel A H is emptied by 
the Scyphon, the water flowing into the common receptacle Q_ 
P ; then again the veſſel CE is fill'd, and after that the veſſel 
L, and in the ſame order altcrnarely new water aſcends from 
one veſſel ro another, as often as the flaps change turns, being 
ſomerimes open and ſometimes ſhut. : 

Where *tis manifeſt, if rhe veſlels be increaſed one above ano- 
ther, the water will be forced to any height although but flow- 
ly; and the foreſaid veſſels ought to be 1o far diſtant from one 
another, that the height of one above the orher, doth not ex- 
ceed the height of the receptacle, or ciſtern A B, above the ci- 
ſterns G H, Z X, or the perpendicular altitude of the fall of 
the water which we conclude to be conſtant. Moreover the 
Tube C D ought to be fitted with a flap, or thin board in C, 
ſo thar when the ville] C E is filled with water, the flap or 
board may fſhur it,that the air break not our through the Tube 
into the vellcl above, for fo this air being comprett, forces the 
water from the veilel C E to aſcendinto D G; I fay, the ſame of 
the Tubes C D and D H, &«. allo rhis artifice may be other- 
wife diſpoſed, as ſhall ſeem mcct to the induitrivus Arrtificer. 
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BOOK. VIII. 


PROPOS. I. 


Of mix Motion from Circular and Right,” or from two 


or more Circular. 

-F 7 Hile a Wheel is moved upan a plane ſuperficies, I fay, the 

| MN - ame of a Globe, or ball, the central point only of the 

Wheel,or Globe,is moved with right motion,all the other points, 

or parts of the moved Wheel,or Globe, are moved with a mjxt 
motion, of circular and right. 


- This, motion of rotation on a plane hath admirable properties 
throughour, which being rightly percieved, it will be eaſy to 


underttand the other mixt motions: Wherefore we make a 
beginning from it ; but yer we firſt adviſe that circular motion 
truly and Phyſically conſiſts of many right lines, nevertheleſs 
in this place we will conſider ic even as if it were altogether 
ſimple motion, but where it will be needful to confider thoſe 
{mall parts of right motion of which ciicular motion is com- 
pounded, there we will make particular mention. 

Fig. 109. Let then the Wheel, or orb, be AZLQ, inſiſting 
on the Plane A D on which it is to be roled, or turned, ard lc 
che right. line A D be equal co the arch A Q, fo that while the 
Wheel is moved towards. D, the point Q may touch in the 
point D: Inthis motion "tis manifeſt, Firſt, that the Centre of the 
Wheel O 1s moved by the right hae OE, for fince the Wheel 

always 
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always touches the plane in ſome point, and the Centre. O is 
always equally diſtant from the points of the Periphery, which 
ſuccellively touch the plane, the Centre O will always be in the 
line OE, and when Q is come to D, the Centre O will be in 
C, and the Centre O always infiſts perpendicularly on the 
point of Contact. | | + 
Secondly, *tis manifeſt that any other point is moved with a 
mixt motion; for if, for example, we take the point L, over 
and above the motion of the centre *ris moved towards Y, fo 
that if the Wheel ſhould not be turn'd about the Centre O, bur 
only moved upon the plane, always touching the Plane 'A D 
in the point A ( which is to move only by the motion of the 
Centre ) the point L will be moved by the right lineLY, and 
while A is in D, E will bein Y, O will bein C, and fo any 
other point of the Wheel will be moved by a right line parallel 
berween the extreams A D, LY. In like manner, the poinr 
L, or any other, will be moved only by a circular motion, if 
the. Centre of the Wheel O be alcogether immoyable, 'to wit, 
L will be moved by the arch LK e, &c. A, by the arch AT, 
' &c. alſo the point N will be moved by another arch. of a leſſer 
Cirdle, &c. Since therefore the Wheel is moved rogether by the 
motion of the Centre towards E, and by the motion of the 
Orb from L in Q. and fromQin A, &c. the point L will be 
moved with a mixt motion from both, to wit, of the Centre, 
and of the orb, that is, of right and Circular ; which may be 
ſaid of any other point, the centre excepted. 


-_ — 


PROPQS IK 
% Any point, except the Centre of the foreſaid Wheel, or globe, 


deſcribes a crooked line, which is not circular. 


Fig. 109. FOR example, take the point L, and that you ma 
ld F get the ſine which ir deſcribes, divide the OS 
of the quadrant L Qin as many equal parts as you pleaſe, ſup- 
poſe three, L K, KA, H Q, allo divide the line of the plane 
AD into ſo many equal parts, to wit, three, then the point 
L having paſt over the firſt parr of the arch LK, if ir were 
moved only by the motion L. the orb, it will bein K; Mw 

2 1 
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if it were moved only by the motion of the centre it would be 
In V, therefore let the right line MI be parallel to LY, and 
tet K I be equaltoL K, or A B, without doubr the point L 
will bein I; For the motion of the, orb gives L K, or M K, 
bur the motion of the Centre gives L'V, or KI. In like man- 
ner, in paſſing. overthe arch K H, the ſame point L will be in 
G, if you take H G equal ro AC, or LV, and parallel ro LY; 
For the motion of the orb gives L H, or N H, and the motion 
of the centre gives A C, or L V, which is equal to HG. Laſtly, 
in paſſing over the arch H Q, the point L will be in E, to wit, if 

E-be taken equal to A D, or L Y, for the motion of the orb 
gives LQ, orOQ,and the motion of the Centre gives A D,orLY. 

Secondly,. take the point A,. and that you may have the line 
which it deſcribes, divide in like manner the arch of the qua- 
dranr A Z into 3. equal parts, to- wit, in T. and Y, then in 
paſſing over the arch A T; if the point A be moved only by 
the motion of the orb it will be in T ;. but if it be moved only 
by. the motion of the Centre. it will be in B, therefore if you 
take TS equal to A B, the point A will be in S$. In like man- 
ner, in paſling over the arch TY, if the point A ſhould be 
moved only by the motion of the orb, it would be in Y; bur 
if it ſhould be moved only by the motion, of the Centre, it 
would be in C, wherefore if you take Y R equal to AC, ir 
will be in R. Laſtly, in paſſing over the arch Y Z, it will be 
in P, if fo be you take Z P equat to A D. 

From hence it appears, that thoſe are Curve, or crooked 
lines, and yet nor circular; wherefore ſome. call them by 
(ap word, #hirling-lines; you may call. them as you 
pleaſe. 

Alfo by this you ſee that the point L, which is oppoſed to- 
the point of: Conta&t A, is ſo moved, thar the motion of the 
orb, being added to the motion: of the Centre, for each motion 
is in the antecedent, but neverthelefs the point of contat A, 
is ſo moved that the motion of the orb is taken away from the 
motion of the Centre ; for the motion of the- Centre is in the 
antecedent, but the motion of the orb is in. the Conſequert, 
notwithſtanding becauſe the motion of the Centre, is greater 
than the motion of the orb; it follows, that the point A 
Simply and abfotarely will be moved in the antecedent, to wit, 
rowards D, neither will it wholly go back ; to wit, it will be 
moycd towards D, only 10 much as is the difterence X S, be- 
LWCen: 
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rween the motion of the orb AT or KT, and the motion of 
the Centre A B or ST. 

Allo take notice that the point L deſcending in the arch LQ, 
will be ſo moved that the motion of the orb adds ro the mo- 
tion of the Centre, the right ines of the arches it palles over. 
So the motion of the! orb L K, adds the right fine M K, to the 
motion of the GentreK I or LV; and the motion of the orb 
L H adds the right ſine NH, to the motion of the Centre H G 
or LV, &c. Bur neverthelefs the point A oppotite to rhe poinr 
L, to wit, the point of Conta&t with the plane is ſo moved in 
the arch A Z, that the motion of the orb takes away the righr 
fines of the motion of the Centre , fo the motion of the orb 
AT, takes away the ſine T X from the motion of the Centre 
T S or AB, to which T'S is.equal. But now the pointZ is fo 
moved through the arch ZL in aſcending, that the motion of the 
01b adds the verſed fines to the motion of the Centre; thus tte 
motion of the orb of the arch Z 4, adds the verſed fine Ze, to 
the motion of the Centre D F, wherefore if you take D f equal 
to AB, the point Z in paſling over the arch Z 4 will be in f, 
likewiſe in paſſing over the arch Z hb, it will be in g, for the 
motion of the orb adds the verſed fine Z m,, to. the motion of 
the Centre A C, equal to which þ g being taken, and in run- 
ning through in the arch Z L, will be in Y,tor the motion of the 
orb adds the verſed fine HO to the motion of the Centre L Y ; 
moreover the oppoſite point Q ſo deſcends through the arch 
Q A, that the motion of the orb takes away the verſed fines 
from the motion of the Centre; ſo in paſling over the arch Q 
z, the verſed fine Qt, is taken away from nr, which is pur 
equal to the motion of the Centre A B, and fo the point.Q will 
be in »; but in palling over in the arch-Q p, the point Q will 
be in B, to wit, p b being taken equal ro the motion of the 
Centre A C, for it takes away the verſed fine QI; Laſtly, in 
pailing over the arch QA it will be in D, and ſo the verſed 
ſine Q O will be taken away from the motion of the centre 

A D. - 

Hence you eaſily fee the deſcription of lines, which each point 
of a Circle runs over being roled, or turned, on a plane. Alſo 
you ſee the line which the point L deſcribes in deſcending, that 
is to anſwer the line LI GE, and is equal to the line Z eg Y, de- 
ſcribed from the point Zin afcending ; and the line A-SR Þ de- 

ſcribed from. the point A, antwers, and 1s equal tothe line Qr4D- 
| delcribed 


150 Mechamick: Powers. Book V11I. 
deſcribed from the point Q, that aſcending, but this deſcend- 
ing. - 

Hence alſo it is that the points L and Z are moved moſt 
ſwift, but the points A and Q moſt ſlow; and the point L is 
moved Swifreſt of all in the beginning, afterwards more llowly : 
Bur the point Z by inverſe proportion is moved ſlowly in the 
beginning, and ſuccellively more ſwift. In like manner the 
point A is moved {loweſt of all in the begining, afterwards 
tucceſſively more ſwift, but the point Q by inverſe proportion 
is moved more {wift in the beginning, and in the end moſt 
ſlow. Wherefore all the points indeed are moved with un- 
equal motion, while they. run over the quadrant; but 
the whole quadrant being compleated, the motion of the poirr 
L, and of the point Z come to be equal, ſo alſo the motion of 
the point A and of the point Q. 

Moreover you ſee the. Centre O to be moved ſwifter in the 
beginning than the point-of Contact A, but in the, end more 
ſlow, and the ſpace which the point O diſpatches from Q in C, 
4s greater-than the ſpace which the point A diſpatches from 
A-in P, 

Alſo you ſee that no point is moved with an equal motion, 
except the: Centre, but by an accelerated or a retarded motion ; 
ſo that from rwo oppoſite pointsone is moved with an accelerate, 
motion, as the point A, bur the other with a retarded motion, 
as the point L. 

Art length if you take the point B 45 degrees, thar is, which 
{diſpatches the greateſt ſpace of all, for the motion of the Cen- 
tre OScequal to A-D,is added to the motion of the orb from B 
in Q. 
Fig. 110. Thirdly take a point within the Circumfcrence, 
{uppouſe the point Fs: And that you may find the line which it 
deſcribes, make the Circle F 4, G 9, and divide the quadrant 
F 4-into 3 equal parrs marked. in the points 2, 3,: Then while 
.the motion- of the. orb comes to 2, the motion of , the centre 
A B or 2, 5 is added wo the fine 2, 1 of the arch F 2: In 
like, manner while the motion of the orb comes to 3, the mo- 
tion of the centre A C, or 3, 6, is added to the right ſine H 3. 
Laſtly while the motion of the orb difpatches the quadrant F 4 
and-comes to 4, the motion of the Centre Q 7, is added to 
the right-ſine Q O, and deſcribes the line F 5, 6, 7: In like 
-magner,by -whart hath been ſaid, you may catily. find the _ 

ines 
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lines which the other points of the ſame Icfler circle contair.'d 
within the greater deſcribe. So the point- 4 deſcribes the line 

M N ÞP, while the verſed line 4 Ris taken from the morion 
of the Centre A Bor L M; and the fine' 4, 5, trom the mo- 
tion of the Centre AC or TN; and laftly the verſed tine 4:0 
trom the motion of the Centre'A D or GP. 


M——————_ 
— —_ 
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A leſſer Wheel included in a greater is ſo moved, that in it 
the motion of the Centre is greater than the motion of the 


Orb. 


Þ** while the motion of theOrb is made through the whole 
quadrant F 4, the motion: of the Centre is made through 
the whole right line O V, which Certainly is greater than the 
arch of the quadrant F 4. In like manner the motion of the 
orb through the quadrant 4-G,is leſs than the ſame motion of 
the Centre O V ; But how each point of the quadrant 4'G an- 
{wers each point of the plane G P, upon which the: quadrant 
of the leſſer wheel is underſtood ro move, when the plane is 
greater than the quadrant, is that famous difficulty which ob- 
rains the name of Ariſtotle's Wheel, becauſe Ariſtotle hath pro- 
poſed ir in his-24zh. queſtion of Mechanicks, which Blancanus hath 
explicated, and Mer/ennus, Galileus, Cabens, Fabrus, and others 
have expoled to view: 


- "I 0. 
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The difficulty of Ariſtotle's Wheel, 7hat is, the motion of the 

leſſer Wheel when this is direfled by the motion of the 

reater,and the motion of the greater ; when this is direft- 

ed by the leſſer, is beſt ſolved and unfolded from the na» 

ture of this Circular motion, ſo far as Phyſically "tis com 
pounded of many right lines. 


Er the Wheel be A CH inſiſting on the plane CE, whole 
radius 15 A C, and within this another lefſer, ſuppoſe - ic 
ſubduple, A D B is included, whoſe radius is AB; and let the 
plane 
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plane CE be equal to the arch of the quadrant CH, ſo that 
while ir is turned upon the plane CE, each point of the arch 
anſwers each point of the plane; When therefore the leſſer 
Wheel in this motion is carried away by force by the greater, 
ſurely the point D will come to F, when the point A will come 
ro G, that is, the radius A D will meet with GF. 

Therefore the whole difficulty will depend on this iſſue, that 
B F will be double the arch BD, if ſo be the points of the 
arch B D ought ſucceſſively to correſpond with the points of 
the plane,or of the line BF,or each point of the arch B D anſwers 
each point of BF, oreach pointof BC anfwers two of B F, or 
the altern points BF by skips remain wholy untoucht; for neither 
doth any thing elfe ſeem toremain which can be ſajd.in truth none 
of theſe ought tobe ſaid: For if it be faid in the firſt place, that 
there is ſo many points in the arch B D,as there are in the line BF, 
which cannot be ſaid,fince this is doubly greater than the arch : 
Bur if it be ſaid ſecondly, that each point of the arch B D cor. 
reſponds to two points of the line B F, it follows that the plane 
CE, is double the arch C H, when notwithſtanding they are 
ſuppoſed equal; for when the points B C, are in the ſame 
radius A C, if the point C touch the poirt of che plane next 
following towards E, it will not be perpendicular to the plane 
CE. Surely A B when it touches the point of the plane-B F 
in B, and is perpendicular to the plane, alfo A C which is ſup- 
poſed a right line will be perpendicular to the plane CE, which 
1s parallel to the plane BF: Therefore ir toucheth not the 
plane in any other point than in C,which if it ſhould touch it 
would be alſo in the other next following point ; therefore 
every point of the arch CH, touches two points of the plane 
CE, therefore the plane C E will be double the arch CH. 
Moreover it cannot be faid that the altern points, or every 0- 
ther point of the plane B F, are toucht as it were by leaps, and 
not the other intermediate points, for at the ſame time in which 
{ſome-point of the plane C E is toucht anſwering the untouchr 
point of the plane BF, ſome point of the arch B D without doubr 
couches the plane B F, theretore it touches the point of the plane 
B F,which correſpords to the point toucht by the greater Wheel 
in the plane CE, for if it ſhould not couch the Centre A, ought 
co be elevated above theline A G,and conſequently the greater 
Wheel will not touch the plane CE,which is againſt the ſuppo- 
fition ; therefore no point of the plane B F remains untouchr. 
More- 
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Moreover this difticulty hath great force againſt thoſe authors 
who affirm that a body may be compounded of Mathematical 
points, whether finite or infinite, as may appear to the confide- 
rate, Concerning which I ſhall ſay no more at this time. 
Neither Can it be falved by thoſe who admit proportional 
parts to act infinitly ; for while they ſay the point of Contact 
may be made in an undetermined part they ſpeak unconceiv- 
ably ; for ſince the point of Contact is real and ſingular, I can- 
not {e e how it can be indeterminate, which if it be derermi- 
nate, that is, in this place and not in another, than it becomes 
determinate in this part, and not in another ; moreover *'ris 
ſomething which couches diſtin& from all that which touches 
not ; but ro touch, and not to touch, are contradittions, and 
how can thatbe ſomewhat indeterminate from all chat it rouches 
not ? Add, thar there is no part in the plane B F, whether de- 
terminate, or indeterminate, which remains untoucht ; hov 
then does each part of the arch B D anſwer each part” of the 
Plane B F, when there are as many more 1n thar, as in this? 
Some recur to the greater velocity whereby one Wheel is 
moved than the other, bur if they ſpeak concerning the motion 
of the Centre 'tis falſe, for there is one and the ſame Centre 
A to each ; bur if they ſpeak of the morion of the orb they do 
not evade the difficulty by thar, for the queſtion is, why the 
arch BC although it be moved flower than the arch C H, 
nevertheleſs it is meaſured by an equal ſpace, which ſucceſhve- 
ly rouches:the whole. b bd 16 au rel 
Father: Faber recurs to the incommenſurability of the. plane, 
to wit, of a right line with the arch of a Circle,for he ſays, that 
although the right line C E be ſuppoſed equal to the arch CH, 
notwithſtanding they can by no means agree, howſoever they 
are divided ; but I ask whether they contift of an equal number 
vf points, ſurely fince they are equah they mutt at. leaſt con- 
fiſt of an equal number of points, ro wit, of Phyfical oncs ; 
arithen all are touchr by the arch B D, or fome remain un- 
couchr, and fo the difficulty returns : He ſays; the points of 
the plane B F are right, or ſtreight, but the points of the. arch 
B D are crooked ; and alchough a right point be equal to a 
crooked point, and although one whole point is touch by 
another point, yet notwithſtanding they are not toucht alike, 
becauſe the extenfion of the one is not analogous with the 
a<xtenlion of the other, and _ alleadges an example. 


= 
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It may be objeRed. againſt this explication in the firſt place 
freely, that each Phyſical point compoling a Phyſical and real] 
plane may be made ;. B-F is a right line, but each point com- 
poſing the periphery of the Wheel,or the arch BD,or 
Fig. 111. CH is crooked, for why cannot the ſame points of 
ſubſtance, or matter, which compoſe a ſuperficial 
plane, compoſe a crooked plane? Moreover, when a-rod of 
Iron, or a plate of metal is made crooked by bending, are there 
not the ſame points,if not more,m thecrooked plane after bend- 
ing, as was.in it when it was a ſuperficial plane? Secondly, alſo 
if we admit the points B F to be plane, and the points B D to 
be crocked, and fo. theſe touch nor in an adequate proportion 
each point of the plane B F, nevertheleſs are there not little- 
Vacancies between one crooked point and another, which for 
that cauſe leave untoucht the points of the plane A, B, C, &c2 
Beſides, that thoſe crooked points touch not adequately, to wit, 
in. all- their virtual parts the plane points. A B C, doth not cauſe 
that in each inſtant wherein the Wheel. is moved by the mo- 
tion of the orb, the new crooked: point of the Wheel. ought 
not to anſwer to the new point immediateatly next to that 
of the plane ; if ſo- be: the ' point of the Wheel is equal to the 
point of the plane. | 
+ The ſame difhcuhkies occur if the leſſer Wheel be concieved 
to be fo moved, that irs Periphery. be- equal. ro the plane: .on 
which it infifts; ' for-then the-greater Wheel will 'be fo moved 
that its Pheriphery will be double of the ather plane which cit 
rm gpertieL as if the 'WheeFA'BiD. be turned upon the. iplane 
'T; and fince'the arch'B D is equal co. the one L, the pcjat 
D-will arrive in.I, for'then the point H of the. greater Wheel 
at rhe the fame time will. arrive 'in L, when. notwithſtanding 
the arch' C H''is as great again as the plane CL ;: wherefore 
each ap dap plane CL 'ought ro. an{wer ro -two.points of 
the arch 'C'H. ' TTL} 0 
- Beſides in this motion, ro- wit, when the motion of the 
zreater Wheel, is govern'd by-the 'morion of the leſſer Wheel, 
Pinedings happen yer more ſingular ; for in the firſt. place, 
ſome points of the greater Wheel.go backward, as you. may 
ſee after,that-the'Centre of the Wheel A is.come.to K, and the 
point. D.is come to- I, the . point. H wilbe in L, and conſe- 
quently go backward: In like manner rhe point of Contact C 
goes backward. after that 'dis. 'come.to M, and ons, 
all”. 
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411 the points of the Quadrant CH go backwards, bur the 
middle point R, chiefly. goes backward moft of all, for it goes 
down fram R to $S as appears, bur the other points go back- 
ward here and there lefs and leſs ſucceſſively. 

Secondly, ſome poims neither go forward nor backward, viz. 
in the end of the motion, when the point H comes to L, 'tis 
diſtant the ſame meaſure as before, from the ſame term, viz. 
trom the line'C.N ; So the point X will be inZ, and the point 
Y will be in'V, and ſo: in'the end the motion gains nothing 
of ſpace rowardsP ; notwithſtanding *ris to be obſerved, that 
choſe two points. fomerimes go forward and fometimes' back- 
ward, ſo the point X in the beginning goes forward bur after 
wards goes backward, bur the point Y in the beginning goes 
backward, and afterwards goes forward, but becauſe they go 
back the fame ſpace as they go forward, they acquire no ſpace 
in the. end: of rhe foteſaid- motion. fon, 

Thirdly, all'the other points of the arch Y'Q'N X go for- 
ward, thar is, in the end of the motion they ' have acquired 
ſpace rowards P; ſo' the point:N will come to P, the point Q 
ro: O; the point T in b; &c. nevertheleſs all rheſe points'go-nor 
always forward, as appears from whar's ſaid-inthe' 2 Prop: but 
becauſe. they go forward more than' they go' back; therefore 
in the end of the motion, it appears that they have gone fpt-. 
ward ; In-like manner we will ſhew, thar choſe points which 
are in the archXRY, and which go backward, do nor con- 
tinually, or always go backwards, but their going backwards 
appears in'the end only, becauſe they go back more than for- 
wards, | | ; PT Ale 

Theſe things being noted and obſerved, it will nor be hard 
to explicate all thoſe motions according to our doCtrine; for to 
thar which is the chief head of the difficulty, we fay we ought 
not ro conſider that mixt motion, to wit, of the point H 
( while the whole arch C H, paſſes over only the” ſpace'of the 
plane *G'LJ as one only and fimple motion, for it 1s really 
many- acid various, for as much as 'tis compounded Phytically, 
of many right! motions, ro wit,” *tis- compounded in the firit 
place, from thofe right motions which compound Circular 
motion, then 'ris compounded of tthofe and of another right * 
motion, becaule 'the Centre A, common ro each wheel 1s _ 
moved':- From whence 1t comes to' paſs, that the point H, in" 
the motion of tl.e orb from H to C, while it goes backward 
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together alſo, while it goes forward; 'tis carried by the centre 
A, and as it were carried away by force towards P ; notwith- 
ſtanding ir doth not go forward.and backward, in the ſame Phy- 
fical inſtant, as Father Cabens contends for in his book of Meteors; 
( for tis impoſlible for the ſame movent, to be moved by two op- 
poſir motions together ) but ſo that ſome Inſtants it muſt gofor-. 
ward,and in others backward, which muſt needs be ſaid of ſome 
* points, as X and Y, as we have obſerved before,. ro wit, if the 
whole time, in which the point H is moved, from H-: going 
down to L, be ſuppoſed to be 12 particles, we fay, 'tis moved ; 
for example, 5 of thoſe parts by a right motion from H, or 
from A in P, that is, by ſmall parallel: lines.of. A Þ towards P ; 
and the other 7 particles tro be moved in the oppotite part in 
going backward, from whence it comes to pals, that when the: 
regreilion is greater than the progreſſion, in the end. of the 
motion- the regreſſion only appears, to wit, when it comes. 
in L, beats thoſe particles of time wherein ſometimes it 
goes forward and ſometimes backward, in each ſhort time are- 
almoſt innumerable and inſenſible,. becauſe of the brevity, and: 
makes the progreſſion and regreſſion by turns, any motion 
and.rime being aſſigned will appear only in the end of the pro- 
greſſion if it be greater, or only in the regreſſion if. the pro- 
greſlion be leſſer. 

Hence you ſee nothing hinders bur that the points of the 
plane C L, are in number ſubduple of the points of the arch 
C H, when notwithſtanding that arch patles over only thar. 
plane C L ; for by the method explicated by us, doth two 
points of the arch very well ſucceſſively rouch one and the. 
ſame point of the plane, ro wir, if in the firſt- inſtant the point 
C of the arch C H, while the arch D is carricd by the centre 
A, touches the point of the plane C, which in.the anticedent 
inſtant it touched not ; and in the {ccond.inſtane, another point 
of the arch next to C, touches that fame point of the plane C, 
while the motion of the orb goes backward, and, as.I may fay, 
creepeth upon that point. C: Then again in the third. inſtanr, 
the third. point of the arch rouches the ſecond point of the. 
plane, and in the fourth inſtant, the fourth point of the arch 
creepeth upon that ſame ſecond. point, &c. 

Burt it may be ſaid thar cannot be, becauſe the centre A 
ought to aſcend 'upon the line P A, I fay, this is abſur'd, if the- 

| motion. 
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motion and the circle be conſider d Mathematically, bur nor if 
it be conſidered Phyfically, for it aſcends and deſcends always 
inſenſibly ;. and:that by ſome ſmall part of the-plane only, and 
the compreſſion and tenſion of the wheel, withour which ir 
cannot be Phyſically moved upon the plane, as will clearly ap- 
pear from what follows. 

Therefore all occaſion of Error proceeds fi om this, that they 
would apply to Phyſical- motion and Phyſical quantity, a mo- 
tion Mathemarically conſidered, or quantity and the nature of 
a Circle, which 1s not given after-a manner conceivable ; more- 
aver they: conſider the motion of the point H, by the crooked: 
line from H in L, all one as if it were one only motion, when 
notwithſtanding 'its manifold and divers; like as they conſj-: 
der, for Example, the form of. mixt, as it were one {imple form 
diſtin from the forms of thoſe Elements: compounding the: 
mixt, when nevertheleſs 'tis not ſamething abſolutely dittin&t: 
from them, ' but only in the manner as I ſhall ſhew:in its: place 
wherefore alſo that mixt Motion may truly be. conſidered as; 
one ſimple motion by one only crooked line, becaule the recti- 
rude of the ſmall parts of which 'tis compounded is not ſen-. 
ſible, like as the leaſt. particles of: Elements are nor ſenſible in 
mixt ; bur notwithſtanding *tis. truly compoſed - of the motion: 
of the ſmalleſt right lines, fince in nature there cannar be. given. 
a morion perfectly circular, as is ſhewn before. 


PROPOS. VF. 


A Globe, or Wheel, while 'tis moved upon a plane, whether 
Horizontal, or inclined, is moved by a mixt motion ofea. 
circular and a right, and is determined according to a 
circular motion from the impediment which is in the con- 
tat of the plane on which *tis. moved. 


— —— 


Fig. 112. Hat *tis moved with a mixt motion, appears from: 
what hath been ſaid; and that the cucular. moti-- 

on abour the centre ariſes from the impediment in the point 
of Contatt ; to wit, from- ſome reſiſtance and rubbing, of the 
plane is proved, becauſe the circular motion is nor. the: natu- 
ral. by Prop. 4. Therefore it ought to.ariſe from ſomthing wich- 
Out ; 
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out; but circular motion as ſuch, is. cauſed from impediment 
only: ſucceſliveiy determining new TImperrs's by new 'rangent 
lines ; but in our cafe: when the -centre is: not- impeded; but is 
alſo moved, ir cannot be'an impediment to the centre;/.nor to 
any thing that adhears to it, ſince nothing there is'withour. ir, 
therefore *tis impeded from the plane only. Secondly, 'ris 
proved, becauſeit any oneputh forward:the Globe A by a-puſh 
tending from C to D, in a line. parallel*v0 the (plane'B E, the 
Globe nevercheleſs is rurned on the-plain: while it! goes!forward: 
inE, but das rolled ir vain; unlefs. it ſuffers: ſome' reſiſtance .in: 
the contact'B ;'for why: is''nor the whole!moved by! a: right 
motion, if-ſo be irs impetus is impreft by. a''rightic line,” and pa-+ 
rallel to. the plane B E?. 19095 Who t 

 Yow will ſay 'ris eafily moved, if ic be- moved by the mixe mo- 
tion, from the right- motion:'of the Centre and: the circutar' of 
the-orb, but why is it moved ſo eaſily 2 Moreover: the Centre 
A, doth-nor: more' apptoach 'to' the Centre of the Earth; by this 
that the. Globe'is moved' circularly, for *tis- always diſtant ro 
the Semidiameter' AB, in the Horizontal plane BE: And' the 
impulſe when it is-by the right line. C D, is: eafter deſtroy'd if 
the Globe-be.-moved by the motion. of rhe Centre;: together 
with the motion ofthe 'orb, than? if itbe' moved/ only by the 
motinr-ofithe: Cemre:; yeai *tis:cafier deftroyed; if -it' becmoved: 
by both motions than by'one: only ; bur chiefly-'becauſs'rhe 
motion of the orb is not meaſured from that Impetus by a right 
line” bur only by the motion of rhe Centre. 

..- You will fay, when 4 deſcends; by an-inclined plane, it de- 

ſcends eaſily, if it be nioved together by the motion of the orb: 
For:{nee. in. this caſe. the\Centre of gravity is without the line 
of direction rawards the end of motion, 'tis determined from 
its Centre, or from its gravity to. ſuch motion. * 

T anſwer,” neither in' this'caſe' ought the motion of the Orb 
to'mdve; iF there” be: nocreſiſtance of * thee plane; for: the reaſis 
are muſter'd up; for-bp this that 'tis moved with acircatub miu- 
tion, it comes not nearer the centre of the Earth, nor to the 
end-of-motion,. for by how ' much the” mation ofthe: upper 
points: are-accellerated,' by ſo much-the motion! of the lower 
poi, are retarded by-that motion of the: Orb. as appears: by 
what as ſajd 5 rherefore ſuch. motion is/in' vaing when. no. 1m-. 
pediment is taken away, ' tor T»p tus. acts only to/ take away 
.1mpediment, as-is often {aid-; therefore ifi there be. i 

1ment 
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diment in the point. of. contaRt;, 'iwhy :dorh the Globe always 
inſiſting in the ſame point on the plane, creep not onthe plane? 
Doth not the zmpetus's, whether they be violently impreſt on 
the Horizontal plane, or by their nararal gravity on an incli- 
_ plane, 'obrain their end:in thetame manner, yea, calier, as 
is {aid ?.. Irs: ads 2 &41-ÞA. : 7 i*2:3991 

Surely if a Globe be'firipr of all gravity, and then receinue 
ſome impulſe from wichour by a right tine, and thoaald this 
Globe be in a vacant place, or in fuch aiplave wherein it fut- 
fers no reſiſtance-ro motion, or ne maue in ane partthan #9.2- 
nother, there would: be no.reaton why: ir fhuuld move by che 
motion of the: Orb, but ir wauld 'be 'moyed :orly:by the mo- 
tion of the centre, by a line determined from rhe imprelt Jza- 
petus, Whatſoever the ſame be, whether Horizontal, or inclin- 
ed, or Perpendicular ; for why tfhoald' rTarher more one 
part than in another. TEA 

You will ſay from the foreſfaid Experiments, that- while a - 
Ball is thrown through the Air, 'tis moved with a double mo- 
ion, to- wit, of the Centre, and alſo of the Orb ; and yer in: 
the Air, there is no rubbing or ſcratching with the plane, :nor 
no impediment; yea, it ſeems, if- the reſiſtance which is of- 
Air, 'tis equal about the Ball, that therefore it ſhould not move. 
rather in one part of motion of the Orb than in-anorher. . 

I anſwer, the Ball thrown is often ſo thrown, that art the - 
fame time wherein the Impetus is imprinted before 'cis ſeparated: 
from him that throws it,! 1s not iniprimed by '6ne*t7ghr hneon- - 
ly, but many Imperus's are imprineed'{uccefhively:by many lines. 
which- compound: ſome. crooked line, ' for the Arm; or that. 
which caſts the Ball, white it. cafts'ir, /is not moved by a rigftr 
morion; but by -a circular, that is, the' Ball being feparated : 
from the Arm, ' while thofe Tmperus's are” propogared m It; and : 
new ones produced by the ſarne lines, the Ball muſt neceſſarily. 
' be rurn'd roundabout irs'cehtre.Hence iris that ofr-trmes allo'a 
Ball is a little turn'd about its centre, if 'tt be caſt by one 'con- 
tinued impulſe by a- right line, as you may obſerve: Hefides - 
that 'ris always bur little turn'd, becauſe *ris never -made io - 
Spherical .and perfeE&, bur the Air refiſts more one part-than a- 
nother ; add; that if it be not truly Homogenious, or. all: alike, . 
{o thar'the centre-of the figure alrogether agrees with-/the cen- - 
tre of gravity, ſince it can ſcarce. be caſt by that preciſe line 
- which Joins cach.centre, it it be not caſt by this line, and " 

ſo 
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ſo that the centre of gravity-be right before, and preſently is 
ſeparated from the Thrower, or: likewiſe if it be ler drop free- 
Iy, and falls from on high, it rurns it ſelf until the centre of 
gravity be placed in the formoſt part of the line of DireCion, 
and ſo it contains the impetus of rotation which is likewiſe pro- 
ſecured towards that part : And this is the reaſon why things 
that are thrown,or caſt through the air, aremoved with a mixt 
motion of right from rhe Centre, and of mixt fromthe orb, and 
alſo of thoſe that fall of their own accords ; hence a Cylinder 
whole heavier part declines downward, while it falls of its own 
accord from on high, is not tutned abour the: Centre,but ſome- 
_— about the axis, from the unequal reſiſtance of the am- 
bient air. 


wu 
"i En m— _ —_— 


PROPOS. VI. 


Tu the deſcending of heavy bodies on an inclined plane, or 
through the free air,. the motion of the orb, hinders not 
the motion of the Centre. 


"T' S proved, becauſe the impediment which determins the 
Circular motion in the Globe, is not in its Centre, bur 
in the Periphery, ,ro, wit, in the.contact with the plane. or in 
the contact of the ambient air in thar part tQ which the air moſt 
reſiſts.; and this. impediment hinders indeed the motion ,of the 
whole Globe, and at the ſame-time determines in it the Cir- 
cular motion ;. but. that circular motion hinders nor,nor retards 
the motion of the Centre, which. is like manner tends down- 
- wards, ,whether the Globe be moved circular or nor. 
, . Hence one impetus, deſtroys not another, -unleſs when the 
impediment of che morion of the Centre deſtroys. the ,natural 
- impetus, and the inglined plane, or, the air, while it hinders 
the motion af the Centre, ard deſtroys its natural impetus, 
OXoes according to the laws of teflexion another impetus 
Eg e tangent, and when this impetus - produces ſuccellively 
a new one by a new tangent, it makes the motion mixt, or 
ly:,double, to- wit,, the motion gf the Centre and. of the 


orb 


And 
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And you may- obſerve. in motion on. an inclined plane, nor. 
only the motion of the centre to be accelerated, bur alſo the 
motion of the orb, becauſe when the morion of the orb ts Pro- : 
duced from the impetus, by the refletion from the dire 
impetus,if the direct impetus which moves the centre be greater, 
the refleed impetus is alſo greater. tithes eters 

Alſo you may obſerve in this motion all the parrs' ro moye. 
with unequal motion,as may be garher'd from what has been 
ſaid ; from whence 'tis confirm'd again.thar they are not moved 
by an intrinfick principle, for this would be alike efficacious, 
or powerful in every part and fo would produce an equal ef- 
fect in them all. | 

Hence you may gather the. reaſon of rhe Experiments. fol- 
lowing, in which this mjxt morion appears from . the right 
and circular about the proper Centre, or Axis. * ' 


Experiment. 1. 


Play Boys make ſhort darts with a point, in one end whereof 
there is a {lit cur, and paper folded like. a fourfold wing, 'and 
put into it, while this quavers, of ſhakes, the point goes be- 
fore, and the paper ſo hinders the deftexion that "cis the cauſe 
that while the dart tends rightly to : the'mark;, *ris rarned ro- 
gether about the proper axis : The reaſon this, becauſe the 
air While *tis ſtruck by thoſe wings, reſiſts the motion, which 
otherwiſe would carry the dart, by a right © line, and it qua- 
vers to ard again and hits on the ſides of che Wings,” and this 
certain refle&ion together with the dart, is converted” into a 
circuit, ſince this motion is eafy to the dart and hinders nor 
the right motion ; the ſame may be ſaid of an arrow. 


Experiment. II. 


The like Phenomena you may obſerve in thoſe flitting reeds; 
which Boys alfo play with, for they fix 3 or 4 feathers ihro 
wood, or a bony ſheath, which while they ſtrike rhe air, they 
torce that wood or Cylinder to turn it ſelf about its proper 
Axis ; bur if it be furniſhr with only one feather, this ctrcular 
morion will not be ; likewiſe if any feather be broke, or' vt 
enough ſever'd from the other, the circular morion ccafes : Bb 
if the feathers arc much ſever'd from each other, the' motion 

Y SIT: 
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is Cower, viz. as. well the right motion: of the axis, as alſo. 
the Circular motion about the axis: And'the feathers oughr' to' 
be'ſofitred riſing from the botrom to. the top a littie bent, and 
made crooked increaſing the ſevering or parting : The reed or- 
lictle'Cylinder of wood always goes Galore in the motion, and- 
the motion of the Axis aſcends. more ſwift, and the circular 
motion about the Axis leſs ſwift; moreover after the aſcent *ris. 
turned downwards, and the Axis deſcends with a flower mo- 
tion than before it aſcended, bur with a ſwifter motion .abour 
the Axis: And the reed, or little Cylinder, ought to be fhorr 
and weighty, eſpecially in the end that goes formoſt, and the 
feathers muſt not be too long. _ 

Like to this,.is that motion, which boys'running make with 

4 doiible ſtick, furniſht*. with a veil, and as'ir were alittle mitt. 
turning about the centre, which is. fixt to'the moveable Sraff, 
or Stick, for thoſe veils, while they run in the air concieve a 
converſion and circular motion, which is joined with a right 

motion. | 

The reaſon of this Experiment appears thus, in the firſt place, 

Gr rRed, or-lictle, Cylinder, furniſhc with feathers goes before 

vith a_ right motion, becauſe *tis heavier and endued with a 
greater impetus, . and therefore leads the feathers whoſe morion 
the air refiſts more; and in; zeſiſting it comes to paſs that they 
are refleQed from: themſelves, and 10 turned abour .in a.circuir 
topether ith the Tirtle- Cylinder. From the air chen refleting, 
the impetus. of the. Feathers is imprinted ucceſlively. by a 'new 
tangent, and from -this. imperus the feathers are turned abour, 
and-with the feathers the Cylinder, or reed, bur the Cylinder, 
or reed rurns not the feathers.-as a certain Auchor ſuppaſes, to. 
wit, the right motion of the reed-is not retarded. immediately, 
but the right motion of.the Feathers, which becauſe they are 
light, have nor ſufficiehr Imperus 'to overcome the reſiſtance 
of.che air;, but -mediately .and. conſequently the right. motion 
of the, regd' is retarded, and; derexmin:d, ro. the motion abour 
the. Axis from the like pre of the feathers; hence if by 


chance the feathers fall: off from. the Cylinder in the way, the. 


Cylinder on reed; makes. a.certain longer ſpace, becauſc it hath. 
nos. the, impediment of the, tight, motion. from the feathers, bur. 
as. yer 'tis..tuxned about its proper axis for ſome, little time by 
the. cixcular Imperus preconcieved, which is not preſently de- 


kroyed.. 


Secondly, 
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- Secondly, *tis turned. abour the axis to. that part, to;-which thi 
feathers ſuffer the leaſt reſiſtance of - air, for if the air ſhon 
equally reſiſt all, there is no reaſon why they ſhould be rurned 
rather in one part than another ; hence they ought to be I 
fitted, that they may Strike the air unequally ; which. will. be 
if they are ſeperated or divided unequally, and. then, the mo- 
tion about the Axis will be Swifter. ooo 
Thirdly, one feather only will. not do becauſe it Yngers th 
motion bs little, neither is there in it an. unequa] reſiltange 
the air, of which I ſpake; wherefore there are required ewa 
feathers at leaſt, bur three are better, becauſe they leſs hinder 
the turning about the Axis. , + CTMTY 
Fourthly, if the feathers are not ſeperated,; the xeed i hem 


. 


about the Axis little or nothing, becauſe: the air Tefilts $hem 


but lictle; bur if they are much ſeperated, *tis. move ſlawer : 


by: the right motion, or Axis, but ſwifter by the morion, abour 
the Axis; notwithſtanding if they are too much ſeperated, 
the motion alſo about the Axis is ſlower, hecauſe roq much, xe, 
ſiſtance of air retards or hinders each. motion. ; hes e,the 
fearhers ought to be ſo firted, that they do: not impel the ay 
with their whole ſaperficies,but divide it by the edge as itwerg 
ro Cut It. bo i fa, 
Fifthly, if the feathers are fitted in a right manner that. they 
be neither roo much ſeperated, nor too cloſe, but a Far hy we 
ed, with a moderate and unequal reſiſtance of air which their 
edges divide; then the mation. of the reed abour the Axisis 
oaly ſwifter, bur alſo. che reed is. projected further, | 
the feathers. are more eaſily broke or from the reed, and a. lit 
tle reſiſtance of air with ſome inequaljcy ſuffices ro the mation 
of rurning abour the axis, ſince thjs,motion is eaſy. _ ., .: ., - 
Sixthly, It aſcends ſwifter while .*tis extended, thanic de; 
ſcends afterwards, as appears clearly ; from whence. that is 
nfirmed . which; we have ſhewp before, that heavy things 
naturally deſcending. do,not increaſe with the ſame kind gf 
velocity, whereby the velocity of the ſame thingscaft or throwp, 
decreaſes while they aſcend, and although both in the aſcer 
and deſcent, the reed, or cylinder, goes before the motion © 
che Feather ; hence.,while it aſcends, becauſe the, Impetus inthe 
beginning is greater of the. Feathers, which are flexiþle while 
they ſutfer the reliltance of the, Air, they contra themſclyes, 


whence it comes to pals that, they. cur the Air the, caher, 3nd 
EY Y 2 : ca Ig | 
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therefore the reed aſcends the ſwifter, but 'tis leſs fwiftly rurn'd 
about the Axis; bur while ir deſcends, becauſe it acquires a 
leſſer Impetus, the Feathers make a: greater ſpreading that it may 
move oftner about the Axis. . ' 
 Sevemtbly, 1f the Reed be lighter, it cannot Eontain ſo much 
Impetas, Which eaſily overcomes the reſiſtance of the Feathers; 
wherefore that ir may hold out ar length, ſo much impetus. is 
required, that the Feathers cannot draw themſclves, unleſs 
from a great reſiſtance of Air they happen to be very much con- 
trated, which while they are,, it cannot be moved abour. the 
Axis. | 
. Eightly, If it be longer, *tis harder turn'd round the Axis, 
bakok it ealily ſhakes. ro and again; but the Feathers cannor. 
together hinder the ſhaking, and impreſs the circular impetus to 
the Reed ſhaking. | | 
Ninthly, If the Feathers are longer than needful; they hin- 
der the right motion, or if they are likewiſe too broad, or too: 
mich feparated, or if they are too ſhort, and much contracted, 
they are-nor determined to motion about the Axis, for the rea- 
fons ailigned. ; wherefore care muſt be taken, as well ro the 
kngrth as the breadth, and ſeparation reſpeRively to each o- 
ther between themſelves, and to the gravity, or levity, length, 
or ſhortneſs of the Reed; or Cylinder. 
© Tenthly and Laſtly, the motion of the bearing, and about thie- 
Axis is mixt of a triple motion, one whereof is from the vio- 
> Ho mn while it aſcends, another from the gravity, and the 
third from imperus by reflefted motion; ſuccellively by divers. 
rangents whereby the circular motion is effefted; and from all 
theſe motions, reſults the fpirak motion as. is manifeſt, and a 
ſpire is conceived about a: crooked Cylinder, which pofleſles 
the.whole place of air, or the way: which the Reed ſucceſlive- 
ly Dccupies. 


- Hence *tis eaſy- from what has been faid, ro determine the- 
lines which are deſcribed by'each point of the Reed, and alſo. 


of the Fearhers ; in which alfo' ſome trembling motion akways 
mtervenes. | 

- Alſo a reaſon appears of the motion of the double ftaff co- 
vercd with the veil, which is, turn'd abour: circularly, while. 
in the interim *tis conveyed by a'righe-motion Horizontally by 
boys, 'as. they run ;/ alfo char * motion. 'is manifeſt ro be ſpira 

— Which hath*Spires.more thick'and cloſe, in which *tis moved 
bs £17 1.0115 more: 
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more {ſwift about the Centre, and ſlower by the motion of the 
Centre. 


PROPOS. VII. 


4 reaſon may be given why a little Wheel,. or little Globe, 
being preſt againſt a Table, is firſt thruſt forwards, but 
afterwards turns it ſelf back again upon the Table. 


He reaſon is, becauſe while 'tis ſtrongly preft again the. 
Table under it, this reſiſts chat in the point ef conta&, 
and while at once the Impetus is impreſt forward by the retra&ti- 
on of the Finger, new contacts are made in other points often 
times, that therefore it conceives a Circular motion contrary 
to that whereby *ris moved, if the Impetus be only impreſt for- 
wards Horizontally ; hence 'tis, that while it runs forward, at 
the ſame time 'tis moved circularly abont the Centre, by the 
motion of rotation back again, wiz. towards the Finger ; and 
becauſe that circular impetus continues longer than a right one, 
this. ceaſing, the other continues and compleats its effect, and 
ſo the Globe turns back again ; for it cannot be turn'd abour its 
centre, While ir reſts upon the Table, unk(s at once it be mo- 
ved. with a right motion of the centre rowards the fame part by: 
the reſiſtance of the Table in the point of contact, where you. 
ſee this motion truly to proceed from ſome reflection, for the 
impetus impreſt backward after that,is fo weak ( for 'tis weak- 
ned from the reſiſtance of the plane Table that it cannot over- 
come the reſiſtance which is in the point of ' contact, from the- 
Tables reſiſting tis ſomewhat reflected, and when the circu- 
lar impetus Continues, whoſe effect is ecafily obtained; neither 
can it be obtain'd but that it muſt role back again, therefore 
"tis no wonder that it retroceeds. | | | 
Therefore 'ris falſe, that any imperus can perſevere without. 
the motion which exacts it, as Father Cabens ' would have it ;, 
for a lictle Globe, or little Wheel, is always moved with a cir- 
cular motion about its centre towards the extrudent, in the 
ſame time wherein the motion of the centre rends forwards ;. 
yea, I have obſerved diligently, that if ſometimes. one touch. 
2. Globe while it runs forwards, it will not ole about its pro-. 


PCr. 
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Per centre, bur,creep' upon the Table, which it always tonch- 
6 in the ſame point, then the Globe reflects not, nor goes 
a4CRx. 

And 'tis to be obſerved, that while the Globe tends for- 
wards, the morion about the centre is weak and ſlow, to wit, 
becauſe the right motion upon the Table in a manner reſifts the 
contact, for. 1t- drives out -the.,motion about the centre into 
the oppolite. part, to 'wit, forward ; . but -the imperus ceaſing, 
| whereby *twas moved forward, the impediment of the motion 
about the centre ceaſes, yea, it acquires a new determination 
to this motion, to wit, from the reflection of the planes reti- 
ſtance. ob Dk - ; 
| This reaſon aſfigned by us, appears not only from this, thar, 
as I faid, the Globe is not rolled back again,/unlefs it be rolled 
abour the centre alſo, in the fame time which it runs forward ; 
but alfo from this following experiment. 


Experiment Il « 


Fig. 113. Graſp the Globe A, ſo with your Fingers abour 
the Pole A, and the other oppoſite to it, that you may imprint 
che circular imperus abour Dake Poles, or about the Axis where- 
by *tis moved from E throngh H to G; and at the ſame rime, 
Eaſt the Globe through the Air,' ſo that it goes by the line E F 
C, and falls upon the Horizontal plane in B, it that motion a- 
bout the Axis be fwift enough, either it will ſtay in the point of 
Contact B, and yer ir will be rurn'd ,abour for ſomerime up- 
on the Axis from C through D in B, or alto many” times tis 
reverted from B'towards G upon the plane ; where it appears, 
in ſo much as the Globe is determin'd to the motion of ro- 
ling back agaia upon the Table, or Pavement, after that 'tis 

; ©, Ccaft of thrown forward through the Air, in fo much 
Fig. 114. alfo-it hath the motion about the Centre, while ir 
: © 1s borne through the Air; for from 'this-it is 'thar 
the priipetas being deſtroyed, by which it tends forward, while 
the Globe falls on the pavement, *tis neceflartly from thence re- 
flected back again. For the Globe projected in the Air. pro- 
ceeds by the line A B CD, and in the mean while is rurned 
from'B towards C D about the Centre C, while it-rouches the 
Pavefneht E DinD, according ro the liws of reflexion it 
ought to teftc& in F, and preceeding further ro the' fame _ 

with 
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with ſo much impetus' as: DI; but if that impetus: be ſmal 
( even as 'tis when the line CD comes. near to the perperdt- 
cular CL) and the imperus whereby 'tis mov. about the Cen- 
cre be pretty ſtrong, this prevails oyer that, and while it per- 
ſcveres the Globe muſt needs role towards E upon the Pave- 
ment ; hence ir does not always g9 back, but only then when 
the motion about the Centre is i{wiit, ard it talls upon the 
pavement by a line which - zpproaclics more .to a perpendi- 
cular. -.. | TE . 


= —_— — 


bt 


PROPOS. VII. 


The motion of a Rope,or of a Ball,or Globe, faſtned to the endl 
of a Rope about a Cylinder, is a Spiral motion compounded 
bf. many Circular. 0 | | 


O Piral motion is divided into many kinds, one whereof is 
when the motion is made about the ſame. Cylinder, ſo 

chat the circles are always equal, and this is. mixt of circular 
only and right: Such as we ſaid was the motion of the reed, 
or Cylinder, furniſht with feathers ; and” of che double ſtaff 
provided with a veil, &c. and there is another Spiral motion 
alfo, which is made abour the ſame firm centre, bur by cir- 
cles or wreaths enlarged or lefſened ſuccellively-more apd, more, 
or departing trom, or approaching to the ſame centre. mare- 
over there is another Spiral motion, in which the wreaths are 
not only enlarged or lgiſened {uccetilively, bur they likewile re- 
tire from the former centre, to Wit, it always changes the. 
centre, and this is mixt of many circular, and of the right mo- 
tion of the centre; bur the ſecond kind of Spiral mo- | 
tion 15 mixt.of lefler circles only ſucceſhvely ; the firſt Fig. 115, 
{ſpiral motion is ſhewn by the figure A B, the ſe- 
cond by the figure C D, the. third by the figure ;E F. 

Theſe things being fore-known,. if we conſider the motion. 
of a rope about. a Cylinder, whether the rope be turn'd about 
by the Cylinder by circles, haying divers centres in divers 
points of the Axis of the Cylinder, it it be, *tis a ſpiral motion 
of the firſt kind ; but if the motion of any determinate point 


in the rope be conſider'd, as for example, the <cr.d of theRope 
Or. 
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or the Globe annext ro the end: of it, then either it may 
ſo be turned about by the Cylinder, that the ſame centre al- 
ways remains in the ſame point cf the Axis, and then it ap- 
pears, that ſince the radius is ſhortned ſucceſſively, from thar 
Globe is made a ſpiral motion of the ſecond kind, which is 
compounded of circular motion only, for there may be per- 
ceived ſo many circular motions, although not perfe&t, as the-e 
are wreaths, or rather ſo many new determinations to new 
Circular motion, as there are conceived Radius's one ſucceſlive- 
Iy ſhorter than another ; or, it may be ſo turn'd about by the 
Cylinder, that the centre is changed at once, and then the mo- 
tion of the Globe, or the end of the Rope, will be a ſpiral mo- 
tion of the third kind, ſuch as may be conceived to be made 
about the Cone E F, from F in E, which appears to. be mixt 
from a right motion of the centre, through the Axis of the 
Cone, or Cylinder, and of many circular ones intelligible by 
Sence ; for it cannot truly be faid, that there are many circu- 
lar motions, ſince none makes a perfect circle, yea, no part of 
that ſpiral line is part of a circular line , bur if it be taken as a 
ſmall parr, *cis a right Ife from- what hath been ſaid before ; 
if as a compounded parr, it conſiſts of many right lines, viz. 
'of many Tangents, yer not of the ſame circle, but of divers cir- 
Cles as appears. 

Hence 'tis, that if a Cylinder be thicker, and a Rope of the 
fame length being pur on it, *ris eaſter and with leſs imprinted 
* #*1petus turn'd abour by the Cylinder; to wit, becauſe the parts 
ofthe cliciiiferince of the Cylinder are rhoſe which reſiftt by 
imputſe by a right line impreſt in the beginning, and by the im- 
pediment, or a certain refle&tion, they determine x0 new and 
new lines oftentimes; and by how much greater the circumfe- 
rence is, by ſo much the leſs frequent is that new determinati- 
on, as appears from what has beenfſaid, and fo the lefler i»1- 
' perus is deſtroyed,: as thar which is 'moved by a greatcr circle 
is leſs wearied or tyred. | 

Secondly, It appears' why a Globe doth nor aſcend, nor is 
carn'd about by a Cylinder, if the impetus be roo weak in proy- 
portion to the thickneſs of rhe Cylinder, or to the lergth of 
che Rope ; for although ir be ſo great that a right line could af- 
' cend rothat height, yer while it often ſuffers refiſtance by re- 

flections ard new determinations, 'tis much abated. 


Thir <0 / ly, 
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Thirdly, if it be once turn'd abour, it effects all the reſt of the 
ternings abour eaſily, becauſe the circles are ſucceſſively lellened, 
and ſo the motion is always lefſer, when notwithſtanding the 
former imperus perſeveres almoſt the whole time: For if once 
the imprinted impetus decreaſes lefs than the wreaths decreaſe, 
one of the greater wreaths being finiſht, the other leſſer are alſo 
calily and therefore ſwifter accompliſht, ard the velocity is 
increaſed proportionally to the leſſening of the wreaths, nor ab- 
{olutcly bur comparatively to the remaining impetus, ſince alfo 
here, as is ſaid, *tis decreaſed or leflened fucceilively, notwith- 
ſtanding lefs than the wreaths; for if the wreaths and the im- 
petus were lefſened equally, the motion would nor be quick- 


ned. 


A———_— _Y 
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If a Glebe,or Wheel, be moved and turned about on a crook= 
ed ſuperficies which is immoveable,it makes a mixt motion 
from a deable circular. 


Fr the crooked ſuperficies be A BC, upon which the Globe 
L B D is turned towards C; while the point E comes to F, 
the Centre of the Globe H comes to G. For the Centre alone 
is moved only by a circular motion through the arch HGT; 
but all the other points of the Globe are moved circulzrly by 
the motion of the Centre, and in like manner alſo by a circu- 
lzy motion about the proper Centre, Or ax1s. 

Bur *tis to be obſerved, that this mixt motion may be conti- 
de;'d divers ways, for the crooked fſuperhicies on which the 
Globe is roled is either convex, or Cunceve; and again, the 
Globe is turned cither on a greater Circle, or a lier, or an e- 
Qual; if notwithſtanding the Concave be cqual or leiicr, the 
Globe,or Wheel, cannot be moved.as appears. 

Morenver, obſerve that the Globe B5 D, whether it be ich, 
or equal, or greater, than the Wheel, or crooked Superticics, 
on which "tis moved, may be fo moved that che Line of the 
moveble Globe B E, which ſuccetlively touches the Circic 
ABC 1 cualto the Line BF, when the point E cons tot ; 
Or it may {o be moved that the line BE is letkr, or latily, iv 
that it be greater than BF, 

Li 4 tir , _ 
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Thirdly, the foreſfaid Globe may be underſtood to move by 
the motion of the Centre towards C, and in like manner by 
the motion of the orb towards A, to wit, ſo that the point B 
tends to E and D, &c. and in each caſz the motion of the 
Centre may be equal to the motion of the orb, or greater, or 
leſfler. | " 
Feurthly, Note, that if Copernicus his opinion be true, that 
the earth is moved with this mixt motion, to wir, by the mo- 
tion of Centre through a circle of the greater orb abour the 
Sun, and by the motion of the orb about the proper Certre; 
and the motion of the Centre ſhould be greater than the motion 
of the orb, according to the common opinion concernirg the 
Nijameter of the great Orb, which the earth runs through in one 
whole year: Where alſo obſcrve, that every point of the ſame 
parallel Circle are moved with unequal velocity ; for whe- 
ther we ſuppoſe the motion of the orp ard the motion of the 
Centre to be cowards the ſame part, fuppole rowards C, when 
the point E comes to F, and the Centre H in G, the point B 
will be inE, and the point D will be in L, wheretore the point 
of Contact B is moved ſloweſt of all, bur the oppoſite point D 
ſwifreſt of all; that anſwers to the NoCturnal meridian, this to 
the Diurnal meridian. Or whether we ſuppoſe the earth to 
be moved by the motion of the Centre towards C, and the 
motion of the crb from B in E, D, &*c. in this caſe the con- 
trary happens, to wit, the point of Contact B is moved {wifteſt 
of all, for it comes to L, and the point D ſloweſt, for it comes 
wE; and theſe kinds of motion of divers points of the fame 
circle wili be {lower,or ſwifter, according to the divers propor- 
tions of velocity of the motion of the Centre, and the motion 
of the orb, nevertheleſs all will be by crooked lines, as appears 
by what has been 1aid. 

 Fitthly, after this laſt manner, ſome Epicicles arc f::id to 
move by Aſtrozomers, to wit, by the motion of the Centre 
tothe aſt, according tothe Serics of ihe 51gns, or, as they lay, 
he Conſequert; tuppoſe the Centre C rowards A, and the 
274m point, or the H1anets Aprgaum D, movee in the op- 


Ii 
INT 
pic part fom Din E towards the welt, and, as they lay, wn 

the Artccocdent 
tut fir.ce ihe forcſaid motion may be divers according to 
the dive: s mupiiitdes, ard propouruons of the Circles, it ap- 
PUals LCYULLiciols trum the dultilac deliver'd betore, that ttc 
lincs 
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lines of all the points deſcribed by che motion of any circle, may 
be determin'd hewſo'ver 'tis moved on one or another, which 
may be of great uſe in Aſtronomy. 


F ROF US As 


The Spiral motion of Sphares may be explicated, to wit, 
when a Sphere is moved by a motion mixt of Right and 
Circular, or of two Circular ones. 


Fig. 1 :7:Þ9 in the firſt place, let the Sphzre BC be moved by 

its centre A through the right line AH, and at the 
ſame time turn it about the axis BC ; moreover every point, 
except the Poles B, C, deſcribes Spiral lines, as if they were 
Spires, ar wreaths, about divers Cylinders, abour the greater 
Cylinder, truly the ſpire which ir deſcribes is from the point 
F or G, but abour the leſſer, which is deſcribed from the point, 
next to the Pole C or B. Bur if it be turned about the Axis 
F G, or any other oblique, it will be another divers mixt mo- 
tion in divers points, whole lines may eaſily be found by the 
forefaid doctrine. | 

In the ſecond place, let the point G be moved through the 
arch GC, and at the ſame time underſtand it to move abour 
the Axis B C, it will be a Sphzrical Spiral motion mixr of a 
double circular. 

Thirdly, let the fame point G be moved through the right 
lizht line G C, while *tis moved alfo about the Axis BC; the 
motion will be conicaly Spiral, mixt of Right ard Circular. 

Belides the Spheric Spiral motion, there may be made another 
motion Conoid Spiral, tro wit, if a Conoid be turn'd about one, or 
about the other Axis, while its point is ſomewhat moved 
through a right line; and *tis of a threetold kind, viz. either 
Filiptic, or Paravolic, or Hy-ervolic, as appears by Geometry, and 
trom the 4ſcchanick deſcription of thoſe figures. 


PRYIPOS. 
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PROF US. Al 


In the motion of a globe upon a plane, a three-fold motion may 
conjoined, ſo that it may be mixt of a Right and two Cir- 
cular ones. | 

His experiment appears from the game at Billiards in play- 
ers balls, for while the Centre is moved through a righr 
line. and the other points about the Centre, ſuppoſe in a ver- 

rical circle, if the globe either by oblique reflexion, or by a 

new impulſe, be never fo little rurn'd afide abour the Horizon- 

tal, or other line, it concieves anorher circular motion alſo by 
that line, and fo belides the right motion of the Centre there 
is a double circular. And from this appears the reafon of the 

{aid plays; as for example,while the ball is moved by the right 

motion of the Centre, and by the circular motion of the orb 

rogether, if the Chord be roucht lightly 'tis turned a lirtle a 

fide and makes another circular motion, from whence it follows 

afrerwards, that the leap decieves the player, becauſe the new 

Circular motion acquires a new determination in the reflecti- 

On, Cc. 


P ROFTS a 


A Globe, or ſuch like body, inſiſting on a plane cannot mov? 
circularly about the Penpendicular Axis, unleſs at the 
ſame time it be imprinted by a double impetus in oppoſite 
parts. . Fiz. 118. 


Et :he Globe, or Top, ſuch as children play with of a 
L Convid figure be A B, reſting on « pline in the point FE, 
and you would have it move about tre axis A Bin an Horizontal 
Circle CD : I lay. it cannot fo move, unlets all under one it be 
impreſt; or forced by a double oppulite impetus, one, for ex- 
ample, in © rowuards the right hand, and che other in D towards 
the Ictt band part; the realun 15, becaule it it be forced by one 
1mpetus 
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imperus only it will be determined ro ore only right line, and 
ſince there is no impediment ſuppoſed, which may hinder the 
Globe that ir ſhould not be moved by that line, it will be 
moved by it,*and fo be turned on the plane in the vertical 
circle AC DB, bur the top will fall ro that mart row2rds which 
the impetus is impreſt. Bur If at the ſame time another impe- 
tas be impreſt on the oppoſite part, wen thefe rwo impetus's 
are not by the fame line,buc by rwo divers lines parallel to each 
other, eitner may have its effe&t by chance, and when ore at 
once hath the reaſon of the impediment with refpe& to the 
other, leaft the Globe, or top, proſecute the motion by right 
lines, *tis determined to Circular motion, fer neither C:n thoſe 
wo impetus's obtain their effeCts any other way ; hence it is, 
that the top being taken by the head, or its cnd of the Axis A, 
and being caſt off by the. fingers in contrary parts we make it 
Spin, or turn in Circuits; and it perſevercs this circular motion 
a long time, becauſe the impetus is not deſtroyed by the weight 
lince the top is in. E9z:1ibrio, but the only by rubbing with the 
plane, and from ſome reſiſtance which every moment changes 
the determination of the tangent lines; hence the ſmoother the 
plane is, and the ſharper the point of the top is, the longer 
time it ſpins, or proſecutes the motion. 

Bur when we wind a ſtring about the top, and retain the 
other end of it in the hand, and caſting it from us it ſpins, 
then in like manner that double impetus happens in the oppo- 
lite parts; for not only while the ſtring D E unfolds, doth it 
draw towards us the point D, bur at the ſame time with the 
ſame ſtring we throw the top from us like a fling; and the mo- 
tion of the top endures longer being caſt in this manner, by ſo 
much as the imperus's are greater and the ſtring the longer, 
bccauſc a power applied remains Ionzer, and while the pro- 
iced imperus perſcveres the other impetus of, the ſtring being 
retracted in the oppolite part, and hindering the former im- 
perus, gives many new determinations tO new and new tan- 
Zents. 

While the top is caſt, it makes a motion mixt from the right. 
motion of the centre, and of the Horizontal circular, as appears, 
vr alſo of another right motion which tends downwards. 

Secondly, when it inlifts on a plane, if the fame point on which 
it inſiſts be moved only by a circular motion abour the axis, 
then "tis ſaid to llcep, yet in truth the motion of the Axis is 
QUur 
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bur lietle moved about the Centre of gravicy which is in the 
Axis ; bat becaule it either finds it on the plane, or makes 
hollow ſome little crench of it felf, this trench detains the AXis, 
leaſt ir ſhould go out ot it, unleſs afterwards the Axis begins to 
Incline more. 

Thirdly, thereupon it moves always .by a motion mixt of a 
CirCular about the Axis, and of a Circular of the ends of the Axis, 
{o that allo it any point of the Axis remain immoveable, yer the 
extream points of the Axis deſcribe rwo circles, one in the 
pline, the other in the air above. 

Feurthly, ſometimes another motion of the whole Axis hap- 
pers to the forefaid motions, which is carried abour not in a 
perfe& orb, but ſpirally, the Spires,or wreaths, ſucceſſively more 
and more contracting untill it begins to ſleep ; and this motion 
is always on that part ro which the outer portion of the top 
by irs motion is turned about the Axis; to wit, becauſe this 
Spiral motion of the Axis is determined from the circular mo- 
tion about the Axis; you ſee therefore many motions in a top, 
one about irs Axis in an Horizontal circle, another of the ſame 
Axis, and the Spiral of the Centre ; laſtly, another of the turn- 
ing round of its Axis about ſome of its points.by which morion 
of turning or trembling the foreſaid little circles are deſcribed 
by the top and point of the Axis. 

Bur the Impetus of the orb abour the Axis ceaſing after that, 
and the turning about and the inclination of the Axis prevail- 
in2, the Centre of gravity ſo departs from the line of direCtion, 
that the Impetus of the orb cannor keep the Axis erc&, the 
top falls ; and then becauſe in it there remains as pet much of 
the for:rer impetus, it makes ſtill ſome oblique turnings or 
Circuits, which although they ſeem to be made in the oppoſite 
;-2rt, yet they are made (if you attend rightly ) on the 
{Ne part on which the circular motion about the Axis was 
Je; which when "ts hindred by the contact of the Plane, 
1: fore afterwards 'tis rolled about upon the Pline, and now 

- moved by the motion of the Centre which bufore was 


tid hy motion of the orb, or that from this you may 
In 1: D2ture io be loved of the right motion of the Centre, 
bur not uf 1c Orb avout the Centre. 


Afechani & 
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OU ſhall ſcarce ſee any ingenious Engin in which either 
Circular motion doth nor appear, or at leaſt that which 
may not be reduced thereto, notwithſtanding in this 

place we thall treat only of thoſe kinds of Engins, or Inventi- 
ons, which immediately depend on the Principles, and Doctrine 
of Circular motion hinted ar before. 


Problem. T. 
To make divers kinds of Wheels commonly uſed in Engine. 


Cann we make uſe of two forts of Wheels, one where- 
of is furniſht with teeth, and the other hath none; thoſe 
that have none are tingle Wheels, and Pulleys, which are hol- 
lowed in the Periphery for the Rope to move in, as alſo Wheels 
with handles to turn them by: And the firſt fort of Wheels 
contains. as many kinds, as there are various forms of teeth, 
which I think fit to deſcribe in the firſt place, for the better 
underſtanding of what follows, and that any one may know 
hygzw to make choice or thoſe kind of Wheels which he e- 
{cms malt fir for his 6ccalion, 

Teeth, 07,45 fome Call them, Claws, or handles turning round, 
their chi-t uſe abour Whecls is, that they lay hold on, or bite 
each other, and bing fulded in each other they cauſe a reci- 
procal 
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procal motion, and they are various as you may fee in Fig. 119. 
tro whence the names of thofe wheels are divers. 

A toothed Wheel is, that whoſe Periphery ſticks out with 
little handles endued with Semicylidric form, as in the arch 
A F, or 2 plain ſided Prifme, as in the arch EF. 

A Fingered Wheel is, that whoſe Periphery is garniſht with 
plain Cylindrick ſmall ſtakes, as in the arch AB, or fomewhar 
like Cylinders, as in the arch B C. 

A ſharp pointed Wheel is,thac whoſe Periphery is cut in with 
little handles turning round like the figure of a point of a Sword, 
or of a tonguc,as in the arch E D may be feen. 

A Studded Wheel is, thar in whote Periphery little Sphzres, 
or Convex Hemiſphzres are diſpoſed, or the Concaves arc 
made hollow anſwering to the Convexes in the other Wheel, 
the fi:ſt parcel referrs ro the arch CD. 

A Starred Wheel, is that whoſe Circumtcrence is furniſht 
with thtce {ſided Pritmes having each fide equal, as in the arch 
GH. | 

A Snagged, or ſ:wed Wheel, is the ſame as the former, only 
with this difference in the former, the triangular ſides of the 
Friſme are equal, bur in this they are unequal, as in the arch 
CN. 

A helical, or ſcrew Wheel is, that in whoſe circumference 
chanellirgs or grooves are mede, according to the quanticy of 
the angle of the Axis of the inclined wheel, whatſoever tgure 
the ſame hath, which neverthelcls are reduced ro four kids, 
Semicylindric, as in the arch AF, Trigens!, as in the arch GH, 
of four {ides, as in the arch K L, 77ap2;.:5, or unequal 4 des, 
as ML. 

A hooked, or crooked Wheel, i5 that which hath khocl;« 05 
poſed in its circumference, asin the arches H IK, ard N AM, vou 
may bchold. : 

Allo Wheels are named with reſpe& ro the figure of their 
Whecls, ict the teeth be what they will; tor forme arc callcd 
plain Wheels, or Orviculates, in which the baſes of the Crs or 
Teeth are all in the fame ylane ; others arc Called Cm C;,.- 
dric, when ihe Cegs are diſpoled in the outcr ſupericics of 
the Cylinder, or any circle thcret: Others are culled Concye:s 
C;lindric, 11 whole inner Cylindric fuperticics the ſame Cr, 
are diſpoſed : In like manner ſome Wheels are called Coro, 
Cen:c, others Concave Conic, Even 2s is lid of Cylwdric: Laſtly, 
a Whiccl 
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a Wheel without teeth, and whoſe Periphery hath nothing 
ſticking out, they call ſmooth or even. ph 

Note, that all the kinds of teerh, or Cogs deſcribed, or any 
other ſuch like, may be made, not only in the Periphery, or 
outermoſt ſuperficie of the Wheel, bur alſo in one or both of 
the lateral ſuperticies, or Circular, or Cylindric baſes. 


Problem. II. 


To apply Weights, or Powers ( moving by their natural gra- 
vity ) to Clocks, or other Engins.. 


Lmoft all kind of Engins, which are moved by inanimate 
. Power, are uſually made with ſome Wheel, or Cylinder, 
to which a weight being hung, while ic endeavours down- 
wards by its natural gravity, it moves that Wheel, or Cylinder, 
and that puts the other = of the Engin in. motion, as ap- 
pears in common Wheel Clocks : And weights may be applicd 
ro Wheels many ways, which we will unfold, betore we pro- 
ceed to the making of the Engins: The firſt way of harging 
weights to common Clocks, or other Wheels, which by ſome - 
determinate time, being placed in the middle and impelling. 
oughr ro turn them round, 1s, that one end of the Chord, or 
Rope, be fixt to the Cylindric Axis of the Wheel,and the other 
end ſufficiently faſtned to the weight, as you may 
precieve in the Figure: And in this practiſe you Fig. 120. 
muſt beware, thar the Cylinder be not wanting to 
the rope, for it ought ro have only ſo much length, that 
the whole Chord may be turned about ir, for if the rope be 
rwice wound . about the ſame Cylinder, that is, if the latter 
windings of the Rope fall upon the former, ic will come to paſs 
that the formoſt motion ( viz. while thar part of the Rope de- 
{cends which is wound abour the other ) the motion will be 
{wifter than that of the latter, to wit, while the remaining part 
of the Rope deſcends which is immediately wound about tlic 
Cvlinder. | | : 
The ſecond way is, when weights are hung to each end of 
the Rope, as appears in the Figure : For the Rope 
ABC is put upon the Pully D, in whoſe Periphe- Fig. 121. 
ry there is a hollowing, or groove cut arching fo 
chat the Rope may lie 1n it, and recieve firmly in it the draw- 
| Aa | ING 
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wg force of the weight, and the _— A muſt not deſcend 
without tarning the Pulley about, and conſequently . raifes th© 
weight C. : 

In praQticing this Artificers are commonly miſtaken, for 
ſome in the forefaid hollowing of the Pulley D, make 6&6 or 8 
ſharp points ſticking out to hinder, leaſt the Rope being 
drawn by the force of the weight A ſhould not turn about the 
Pulley. 

But thoſe ſharp points render tie motion of the Pulley, and 
ſo of the Clock, or other engin, altogether unequal ; others 
make the Cavity or hull9wing of the Pulley narrower in one 
place, ard wider in another, from whence ir follows, that the 
Kope being unequally diſtant from the Centre makes the mo- 
tion unequal. 

Therefore if the Rope lips without turning the Pulley thoſe 
ſharp points may be uſed, bur a greater number muſt be affixr, 
and they ought ro ſtand our all alike,and equal upon the Peri- 
phery of the little Wheel; which may be performed more 
{afely if you glew on fome little balls like burton moulds or 
beads ro the whole Chord, or fix them in ſome other manner 
which may be all alike and equally diſtant to each other; and 
in the Cavxy,or hollowing of the Periphery of the Pulley,make 
little holes or cavities right with the ſame diſtances, which 
Cavities muſt anſwer the lxtle butrons or beads, and receive 
them within them one afrer-:n2ther : Some inſtead of theſe, 
tye knots in the rope, being equally diſtant. 

Fig. 122. The third mannerin uſe is, when the ſpace for 
the dc{cent of the weight is roo low, or ſhort, or of too tew 
hours; or if it be ſufficient, we would notwithſtar ding ex- 
cerd the motion of the clock, or dial, to more hours. For then 
we double the Rope, which may agzin be done ina rwofold 
manner ; firſt, one end of the Rope is faſt bound to ſome place 
A, and the other end to the Axis, or Cylir.der E, of the Wheel, 
which it oughr to go about; as for example in D, this Rope 
ABD ſuſtains 4he btle Pulley C with the weight annext to it, 
ard this whole weight rogether with the little Pulley C ought 
to be douuble of that which is hanged to the ſingle Rope; alſo 

the Kkope may be -triplicated, quadruplicarted, ec. 
"0, 123. if there be added above and veneath other Pulleys, 
in which cafe alſo the weight may be in like mdn- 
nex triplicated or q uadruplicated, &*e, In the ſecond place by 
the 


by 
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the double Pulley D, C, one of which being annext to th© 
weight C, and the other ro the Counterpoiſe D, and the ends 
of the Rope B and E arc faſtned to ſome firm immoyable place; 
ſo while the weight deſcends with the Pulley C, ic turns the 
Wheel, or Pulley A, and lifts up the counterpoiſe D. 

Fig. 124. The fouxth manner is hy a continual Rape, dil- 
poſed in ſuch manner as the figure ſhews, in which A is the 
loweſt Wheel of the Clock, or ſuch like Engin, or the pulley 
annexc to the Wheel, and made hollow in the Periphery to re- 
cieve the Rope hrmly,as we have ſaid before. B is another Pulley 
like ja the farmer, and moreover furniſhe «with ſaw-like teeth, 
and with a pin C ſo faſtned to the fide that ir endeavours 
againſt the ceeth while the weight D deſcends, that the Pulley 
B- be not turned about at that time ; but the Pulley A is roled 
abont and lifts up leiſurely the counterpoiſe or weight E an- 
next to the pulley ; where you ſee there is no extream heat of 
the Rope, bur it is one continued Rape, and put into the Pul- 
lies, whence 'ris called perperual or infaiie. When therefare 
che weight D deſcends to the lower part, and the wejghrt Þ js 
Carried to the upper part, the Rope being taken by the hand 
in F, and by drawing downwards raiſes the weight D again and 
depreſles the weight E, for the pin C endeavqurs not againſt 
the mation of the Pulley B, but alone agzinſt the oppoſite 
motion. | 

The peculiar conveniency of this Rope, and the application 
or diſpotition of the weight conſiſts in this, that in the ſame 

{pace of time, wherein the Rope is drawn, and the 
Fig. 125. weight raiſed ro coniinue the motion of the Clock, 

the motion of the clock 15 not interrupted, as hap- 
pens in others ; for alſo while 'tis drawn upwards by coping 
of the Chord in F, it diſcharges its ofkce in enforcing the Pul- 
ley A, which truly is of great moment to the exact perfection 
of Clocks, and ſuch like Engins, and the knowledge af 
time. 

Likewiſe you ſee by this doubling of the Rope, that the 
llawnels of the weight's deſcent is dyubled to that it would 
have by a ſingle Rope ; and it might, if need were, be quadru- 
plicarcd, and be made greater than any given proportion. You 
may add co the two pulleys A, B, another Pulley G,and to the 
Pullcy D adjoin another little Wheel about the fame Axis, or if 
divers, join it at leaſt with the other Axis. Then this perpe- 

Aa tz tua] 
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tual Rope being drawn abour all the Pulleys,viz. ADGDBEA; 
- for fo the deſcent of the weight D will be four fold flower, and 
therefore the weight ought ro be four fold greater, yea, ard 
ſomewhat more, becauſe of the much rubing of the Pulleys with 
the Rope, andthe reſiſtance, &c. | 

Fig. 126. The fifth manner is this,the Pulley B is underſtood to 
be firmly affixed to the lower Wheel of the Clock, the other A 
ſtabliſhed ſomewhere commodioully, and being furniſhe with 
faw-like teeth with an Iron Pinto endeavour againſt the weight, 
as is ſaid before; from the perpetual chords of thefe Pulleys 
hangs the weight H in the little concentric Pulleys E FG and 
CDN, one of which is conjoyned immovably to the other, 
and both together about the common axis of that which urns 
eaſily : Moreover below ler there be two Pulleys K and L con- 
Joined in their centers to the common beam K L, in the middle 
whereof hang the weight M. About theſe and the former 
Pulleys draw rwo perpetual chords by this artifice,the firſt Choid 
is BLGFEGB, to wit, fo that it fold about the Periphery, cr 
Circuit of the whole Fulley E F G once: The other Chord in 
like manner, muſt be drawn about the whole Periphery, of 
. the leffer Pulley CDN, concentric with the former, fo that this 
whole Chord be ACNDCKA. Bur now that which is 
 faid concerning this laſt Chord,and the pulleys belonging to ir, 
is, that it ought to be done altogether like tro the other, bar 
placed on the other face or ſide of the Pulleys, which in like 
manner contains a certain lefler Pully equal ro CD N, ſtanding 
our on the other part and divides the whole ofhce of holding 
or bearing, up with the other; wherefore it bchoves the Pulleys, 
A and K to be alike. 

That therefore the weight H bz drawn with its Pulleys on 
which it hangs, you mult 2pprchcnd the Chord A K, etther 
alone or compared with another, viz. in E, and drawn down- 
wards; for fo it comes to paſs that the weight H afcends, yet 
in the mean while the motion of the Pulley B 1s not ftopr, ard 
conſequently neither the motion of the Cleck, or otter Engin: : 
So likewiſe ir appears in this meth, as allo in the preceder:t, 
that the arr-Ction of the weiyhi miy be cortinued as long as 
you pleaſe without hindering the mutton of the Ergin. Laſt- 
ly, it appears in this laſt method that the motion downward of 
the weight may be made flow according to any given Propct- 

t1Gr, 
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tion, to wit, in that proportion which the diameters of the 
Concentric pulleys CDN and GEF have to each other ; and 
in the ſame proportion the weight will always be increaft. 


Problem. III. 


To appply a $ pharical, or rolling weight, to the Wheels of 
Clocks, or other Fngins, by finite Chords, as well as by 
infinite Chords, | 


Ince oftentimes it is neceſſary in the artihcial conſtrufion 
of Clocks, and other Engins, to make uſe ot Sphzrical or 
rolling weights, two or more whereof ſucceed each other ma- 
rually ro continue or perpetuate the motion of the Engin, as 
will appear by what ſhall be ſaid ; therefore we will deliver a 
duuble method, whereby. it may eaſily be obtain'd. 

Fig. 127, Firſt, it may be done by a perpetual Chord, or 
Thong of Leather twiſted ; for let there be two Pulleys, or ſhort 
Cylinders A and B, A being fixt to the loweſt Wheel of the 
Clock, and B ſtabliſht in the loweſt place to which the weight 
ought to deſcend ; put on each the perpetual chord ABCDA, 
ora Thong made of the Hide of a Beaſt ; then take another Thong, 
al:ogether like to the former ard putabout the ſame Cylinders,or 
on two other pulleys parallel ro the former and diſtant from 
them ſo much as isthe diameter of the Sphzrical weight D,which 
is ſufficient to turn the clock or Engin, this interval of the double 
Thong being obſerved, joyn one Thong with the other by 
ranks of certain tranſverſe Irons ſemicylindrical, whoſe baſes 
areEH1I, LMN: And they are eafily conneRed if you drive 
_ a Nail through each Semicylinder, and che Thong which folds 
about it, OI if by chance the Thongs of the Semicylinders 
ſtrain in the middle, it will make a Scale, as appears in the 
Figuie Þ Q, ſo that the Spharic weight D being placed between 
the foreſaid degrees will be ſaſtain'd by the lower pair of Cy- 
linders, viz. in F. But that theſe kind of perpernal Scales 
may be turn'd about with the Cylinders A and B with an uni- 
form motion, there muſt be made hollow Semicylindric grooves. 
or Channclings tn the Pcripheries of the Cylinders, in which 
are received the convex Semicylinder of the Scale. 

If the Sphzric weight D be of a great bulk, the Thongs may 
be made of double or triple Leather that they break nor, or 1 
ſtead of them Iron chains may be uſed. The 
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The chief ufe of this perpetual Scale4s-to continue the motion 
of the Clock, or other Engin ;. for after that the weight D is 
deſcended to the loweſt part G, *tis caſt away by the Scale, 
which will be done either. from the Pulley B, or better from 
ſome obſtacle fitred below for this purpole ; then the Globe 
breaking out from the Scale in the lower groove G, lifting up 
ſome peſtle of Iron by means of a Thred or Chord, opens an 
entrance to the other Globe in the upper groove E, that it may 
ſucceed in his place on the top of the Scale; bur the former 
Globe depoſed in G is lifted up again to the groove E, by an 
artifice which we will ſhew in the following Problem, that it 
may again deſcend by the Scale, &c. 

Fig. 128. Secondly, it may be done thus, affix the Pulley Hro 
the loweſt Wheel of the Engin, which ought to move and turn 
calily about its Axis, having 1n its Periphery Saw-like Teeth 
with the Peſtle R, which being fixt in ſome place of the Wheel, 
and fitted with a plate of mzral preſling ; put the Rope L HK 
upon this Pulley, faſtning to one of itsends L ſome little Box or 
Basket wherein the Globe may be received, and to the other 
end K, hang a weight of ſuch gravity, that ir may draw up 
the Baskert free from the Globe, from the bottom Q co the 
top, where now it appears in the figure, which the Peftle R 
will not hinder, which hinders only the oppoſite motion 
of the Pulley H, and that the Globe may be contain'd within 
the Box or Basker, and not ſlip out of 1t, ere@ two or more 
rules ÞP Q and MN, &c. Bur after that the Box with the 
Globe is deſcended to the botrom Q 6, the Globe muſt run our 
of the Box, cirher by mangling the rule N, or by the declivity 
of the botrom QS; Laſtly, the Box or Basker being freed from 
the Globe, is littcd or raiſed upwards by the weight K, and 
being advanced ro PM, takes in there the other Globe equal 
ro the former, and that the Clock, or other cygin, may be 
kept in motion while it is let down in Q, and raiſed again in 
M, we will ſhew by and by. | 


Problem 


JMI 
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Problem. IV. 


To convey weights, moving an Engin up to the upper part, 
after their deſcent to the loweſt part. 


Fig.. 127.F*His may be done many ways; firft, by the perpe- 

Fn 'T tual Scale deſcribed in this ps Probl 
for if you underſtand a Toothed Wheel joyned to the Pulley A, 
and firmly adhearing to the ſame Axis, it then this roothed 
Wheel be moved together with the Pulley A þy any ſuper- 
krucare, or any other way from the power impelling che Su- 
pream Wheel, or part of the Engin, and the motion be made 
from A towards C, the Globe, or weight D, will be raiſed 
gently from the bottom to the top, whence it devolves again 
ro animarce the Clock,or other Engin, by the artifice explicared: 
in the precedent Problem. 

Secondly, the Artifice in the ſame third Problem, explicated: 
m the ſecond place may eaſily be appliced-to the drawing Sphe- 
rical weightsfrom the botrom to the upper moſt part. For 
let there be a roothed Wheel. ABC to which there may 
be others made according as the thing requires ; place the 
Putley DE on the axis of this Wheel on which a Rope being 
pur, tet one end of it fuftam the Spherical weight Þ within its 
Box or Basker, and on the other end hang rhe Counterpoiſe 
N, a little lighter than the Basker Þ without the Globe, or 
weight, that from this that may be taken up. The Peſtle B. 
furniſh with a little wing lays hold on the Snags of the Pulley, 
and derarns it againſt the endeavour of the weight P. Alfo 
make a certain doverail D F in the Periphery of ſuch bigneſs, 
that it may be equal to a quadrant of the Circk, or exceed ar, 
i the middle of this make a long lic D F, chrough which the 
common axis D of the Wheel and of the Pulley may pats ; 
moreover make a moving leaver HG FC made firm ſome- 
where abou: the point G, with which Leaver the forefaid 
dovetail is linked tn the point F: Then in the point A fix a. 
{par, or bolt A K, furniſh with a pretling wing and movabk 
abour the point A, and near this bolc place a Leaver full of 
corners or nooks K L MN myvable in the point M. 

Theſe things thus diſpoſed, If by the motion of the Wheel 


A BC the weight be ekvaicd kituicly ro the.top of its —_— 
and. 
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and being lipt from the Basket or Box into the groove or 
Channel leading ir to the defigned place for animation of the 
Clock, notwithſtanding the empty basker will be moved 
by the power raiſing it, untill ir hits againſt the Leaver 
CGH and lifts ic up a lictle, and the Leaver being: raiſed 
takes up together with ir the dovetail FD: And this Peſtle B 
being itretcht arlength through the whole thickneſs of the 
Pulley in this part to the dovetail ; in the mean while that the 
end H of the leaver CGH being depretled lays hold on the 
bolt AK and detains it, at the ſame time the Peſtle B being 
lifted up without the Srags of the Pulley, the basket P, although 
empty, yet heavier than the counterpoiſe, N will turn the 
Pulley,and it will deſcend to the bottom rhar there it may again 
receive another Spherical weight to be drawn up in the fame 
manner. 

For the counterpoiſe either of it ſelf, or by making a certain 
knot in the Rope will raiſe the nooky Leaver N M L, and by 
ic withdraw the bolt A K that it detain not any longer the end 
H, which being loofed, the dovetale DF falls off, and then 
the Peſt!e B being ſent down lays hold on the Jags of the Pulley 
that the attraction of the weight may be made again. 

If you fear leſt before the Peſtle B being drove away by the 
Sragged teeth of the Pulley, and the Pulley with the Basket 
ſhould begin 'to defcend before the end H is laid hold on by 
the bolt AK; then hang ſo much weight to the arm GH of 
the Leaver as ſufhces to raiſe the doverale with the Peſtle B; 
and that .the weight be not raiſed ſooner than the basket al- 
cends upwards, detain this arm GH by a certain crook or 
hook made after the ſame manner as the hook N H in the ftol- 
lowing Figure. Bur then in ſtead of the arm FC, the arm 
M * will be produced, that that being raiſed from the basker 
wil: withdraw the hook ſuſtaining the endeavour downward 
of the. erd H which 1s heavieſt ; Moreover it will reftore it to 
its former lite aſcending” with the Impetus of the couunter- 

once N, 

A1i2 note, that when the Wheel A-BC is often turn'd about 
12 drawing of the weight, and conveys the Pceſtle B every 
where with it ſ{clt, thar when the attrraftion is finitht, the Pcſtle 
B will be found in the upper quadrant that is above the 
dovetal:, which always certainly happens, it in the Rope or 
little. chain of the Pulley you mare little knots or buttons = 

| that 
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that purpoſe, according as 'tis ſhewn in the ſecond Prob- 
lem. 

Fig. 130. Thirdly, the ſame Pulley may be freed from its 
Peſtle by another artifice; let the ſame Wheel B ſtick faſt to the 
axis C,and the Pulley D movable thus, that it may be moved ro 
and fro by the Axis AC; Then after that the Basket Eis brought 
co its height, it will raiſe in the firſt place the -knotty Leaver 
EFG fixt movably in F; and this by the little arm GH drives 
out the hook H N, whereby the other knotty Leaver ML K 
is ſaſtain'd, to whoſe arm LK ſo much weight muſt be hung 
as is convenient, that the other arm LM laying hold on the 
Tube M ÞP, joyned to the hole of the Pulley D, may draw rhe 
Pulley by the Axis A C towards C, alchough againſt the ordi- 
nary reſiſtance of the force of the Halix CP: And in this 
manner, thoſe jagged recth of the Pulley are withdrawn from 
che Peſtle B, and the Basker E deſcends with its weight, by 
rurning round the Pulley together freed from the obſtacle of 
the Peſtle ; notwithſtanding in the mean while the little arm 
L M touches it highly, and detains the Tube ending in the 
rundle, in which the contact may be facilitated by adhibiting 
the little Wheel, or a turning Cylinder, &c. 

The arrival of the Counterpoiſe will make the Pulley repair 
co its place, far this when the imperus of the knoty Leaver 
M L K, lifts up the end K, it places it in the hook HN; 
which being done the pulley is forc'd into its place, by the 
prefling Hzlix led about the Axis. 

Hence alſo you muſt rake care, in making the Peſtle B, that 
ir be not let or bore down from its little wing, deeper than 
the incilons, or Jags of the Pulley. 


Problem. IV. 


To fit an irregular finite, and diſorderly moving power, ſo to 
an Engin, that it ſhall make a well order'd regular, or 
wholly equal motion. | 


Ince Regularity and equality appears in no other motion 
g more than in the Circular, which of its own nature {ces 
0 require equality ; we ſhall tn this place declare thoſe things 
which are tor obtaining this equality of motion. which truly 
are Of great MOMENT 1N — As in the conſtruction o- 

thot . 
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thofe that meaſure time. And of theſe kind of Irregular 
powers ſome are perperual, or infinite, and others finite which 
do execute their office to time. We thall trear- of theſe laſt in 
this place, and of the former we ſhall ſay ſomething hereafter; 
heavy things being hung ar liberty whether hanging from an 
Engin, or ſome Wheel, are called regular powers, bceauſe - 
whether they are hung high or low, they always obtain equal 
force or moment ; notwithſtanding if they are placed in ſome 
ambir of the fame Wheel according to a divers ite, and the ſame 
inclination, they acquire divers moments as appears from whar 
has been ſaid elſewhere; but *tis needleſs to reduce this irre- 
gularity of weights to regularity, ſince that may eafily be 
done. 

Therefore irregular Powers which we commenty uſe in the 
conſtru&tion and morion of Engins. are Springs, that is, certain 
thin pieces of mettal in manner of an Hzlix, or wrapt up in 
Spires ſuch as are Commonty uſed in watches, concerning which 
{omething is faid before. 

Firſt, the reſiſtance of the ſaid thin pieces of metral is lefs in 
the beginning while they are bent or drawn than in the end, 
and in like manner when they are drawn or bent have greater 
force, and make a greater 'endeavour to reſtore themſelves in- 
to their firſt ſtation in rhe beginning of reſtitution or reduRion 
than in the end, and this force increaſes or decreafes not uni- 
formly,and with a proportional increafe co the addudtive or re- 
ductive motion, but with another certain increaſe or progrct- 
fion not as yet certainly known, of which in its place. 

Secondly, if the thin piece of metral be bowed or bent into a 
Spire, or larger Spieres, the bendirg retiſts lefs, and makes leſs 
force to reduce it ſelf than if it be bent in lefler Spires ; hence 
'tis, that in this ſecond caſe it hath greater force whereby it 
deſires to reſtore it (elf, bur obrains letler motion. 

Thirdly, Springs,or the ſame thin picccs of mettal being bow- 
ed into a Soire or wreath, may be drawn more violent either 
in the Centre, or in the Crrcumte. cnce, or in both parts to- 
gether ; if the thin places Confiſiniy in the cxtream which is 
in the circumference, the plate wil be drawn by the wreſting 
of the other extream being in ihe Centre, ir reliſts the draw- 
ing lefs than if remaining centreily jmmovyable in the extream, 
the plate be wreathed about in the Perthery, the reafon is, be- 
cauſe ia this {ccond Cate it oaght not only to owt go the retiſt- 
ance 
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ance of bending, bur alſo the other of rubbing, or weaving of 
one volure upon the other, which refiltance neverthele# it hath 
by accident. | 

Fourthly, Springs are made weaker by _— by often draw- 
ing them, but they are more weakned if they never reſtore 
themſclves, bur if always, or for a long time, they continue 
drawn or pull'd ; hence they have greater force in the firſt ma- 
king of an Engin, bur leffer afcer long uting them. 

Fifthly, if they remain ſometime free, that is, without draw- 
ing, they recover ſome of their ſtrengch which they had loft 
before. 

Sixthly, Fo. Helmont in his Book entituled Med. Phyſic. de tem- 
pore, Num. 50. affirms, That the ſaid Springs of Clocks or Watr- 
Ches are wont to be more ſtrong, or ſtubborn, when the North 
wind blows, which notwithſtanding is not as yet well known 
to me, neither doth the caufe of this Phznomena cafily appear, 
unleſs you'll fay frem Cold, which is wont to be more rigid 
when the Wind is Northward. 

Theſe chings being nored, the irregular force of Springs may 
be reduced to uniformity divers ways : Firſt, when theſe thin 
pieces of Metral are wont to be made every where of the ſame 
breadth and thickneſs, they exert their force unequally in tt e 
beginning and in the end ; if the parts near the Centre be 
made thicker than the other, or broader with a due propor- 
rion, and then the drawing to, or lappinggip being made in 
the Centre, the reſiftance will be equal and uniform in the 
whole drawing, or wreathing, and conſequently they will 
make the force equal in their whole reſtitution, until they 
come to thoir firſt ſtate. or condition 3 moreover on the con- 
trary, if they arc made thicker in the parts neareſt the circum- 
ference, and then the drawing be made in the circumference, 
from the opnoſce realon there will be an inequality of force 
t Compentatc Or ainend that unequal thickneſs or breadth of 
the thin plite; notwithſtanding this way, whereby rhe 1nequa- 
licy of this thickneſs compenſates, the inequality of force is not 
ulcd, perhans becaule "tis more laborious, and neither 15 it ea- 
{ſy to lind the proportion, wherchy the thickneſs 023ht to Le 
increaſed gradually ; yet if it were reduced into Practice, 1t 
would be far more uſetul and certain than ihe other. 

The ſecond way more obvious, and uſcd in regulating the 
Springs in -Anclent NY by an uncuai Prcuiyn 5 
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the ſtronget part of the Spring, and that is made in a certain 
—_—_— Orb like the figure of an heart, for this Orb when 
the ſpiral plate makes leſs force, is alſo leſs preſſed from the 
other plate, or hindering wing ; but when it exerts greater 
force in like manner that force is abated, ſo that 'tis reduced 
to a Certain yuality ; alſo this way is ſcarcely uſed now among 
modern Artiſts, when notwithſtanding 'tis leſs laborious, and, 
as Experience teaches, oft-times more ufeful than others ; per- 
haps *ts deſpiſed becauſe 'ris more ſimple, ro deter others from 
inquiring into an Art which is more ſubtil, which they would 
do, if it were eaſter and ſimple. 

Fig. 131. Thethird way,which isat this time moſt in uſe is, a 
Hzlyx of Steel included in the Cylinder A B (. D, movable about 
the durable axis E F ; this axis pailes by the centre of the Hwlix, 
and detains its central end firmly, and leſt jr ſhould be turn'd 
about rogether with the Spire or Wreath and Cylinder, "tis hin- 
dred by a jagged wheel G H, firmly put into an axis, and a lit- 
rle bolt or peſtle HI, which ſtrives againſt the Jags of the 
Wheel :. To the ſide of the Cylinder a Cone is made, or ſome 
other ſuch body ſharpned ar top like to a Top C K M, movable 
about the'axis L M, the Periphery of this top is made in the 
manner of a Screw, with channellings or cavities made round 
It to receive a Chord or chain, one end whereof is faſtned in 
the point of the Cone K, and wound about the Cylinder, the 
other end of the chord is faſtned ro the Cylinder in D ; thele 
things thus conſiFured, the inequality of the reſiſtance of the 
ſteel ſpires, or wreaths, drawing irregularly is made fit or meer 
by the deformity of the top, which where the reſiſtance of 
the ſpire Or wreath is leaſt, the greater Periphery being rurn'd 
reccives the chord, whereby the Cylinder is drawn abour, car- 
rying about the included end of the ſpire or wreath fixt to the 
Cylinder ; and where the force and refiſtance of the thin plare 
is ſtronger, the chord being then in the tharpncd or [fler pare 
of the top or cone, calily fuſtzins that greater force by leſſer 
diſtances from the centre or axis, and by allaying it, tem- 

ers it. 
n You ſee then the whole perfection of Clocks, or Watches, 
which conliſts in uniform motion, or equality, depends 
on the framing the foreſaid cone or top ; Which I defire Ar- 
tilts diligently 10 obſerve, and to take great care in the mak- 
ing of it, that the moving force of the ſpiral thin plate be __ 
red 
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dred every where equally valid ; neither is it ſufficient, as 
they are wont, to try it by hearkning to ir whether the ſound 
be ſharper or graver in the ſwifreſt motion of the jagged lit- 
tle wheel GH, lince "tis not eaſy to diſtinguiſh the: leaſt dif. 
ference of found ; wherefore *tis rather to be done ſome other 
way, and Father Sch:trus propoſes rwo, the firſt is by weigh- 
ing, viz. by a weight hung on a long arm leading the Cone 
abour, for if which way ſoever the Cone be turn'd about, 
the ſame weight endeavours equally 2gainſt the adduRion'or 
reduCtion of the Spire, the Cone or Top will be perfe&. © 

Fig. 131. The ſecond way is meaſuring by 'rime, for, ſays 
he, the little Wheels being fer at liberty in a ſwift and free 
motion ; take ſome very ſhort Pendulum, and by its vibra- 
brations examin . the circumvolutions of the lower Wheels, 
for if the circumvolutions of each wheel be in equal ſpace of 
time, it argues thar the cone or top is perfe&t: In the ſame 
manner, the circumvolurtions or turnings round of the jagged 
little Wheel G H may be examined by a Pendulum, -ro wit, 
whether they are made in equal time, notwithſtanding if there 
be added weight to the forefaid little wheel che motion is 


rendred more {low. 


Problem. VI. 


To mend the unequal motion of Clocks, or other Engins, by 
applying a Pendulum. 


72 chief fault in Clocks, and all Engins that meaſure time, 
is the irregularity of motion, for no kind of Clocks 10 
«his very day is fohnd, whoſe motion is ſo' equal or uniform, 
that it errs not at leaſt a minute from the true meaſure of rime, 
in one day or 24 hours, although it hath been the ſtudy and 
endeavour of many ingenious men; in the firſt place, we are in- 
debred to Mathew Campane to this end, that by the'accurate 
meaſure of time Geographers may obtain the knowledge of 
Longitude, and what proficiency they have made in it, you will 
underſtand by what follows. 
Truly 'tis doubted whether any man can by application of a 
Pendulum, compleatly perfect the little jagged Wheels of Clocks, 
and take away their inequaliry; therefore rhe Author of that 
famous Invention, deleives to be followed and p_ 
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of :all Men ; and fince there are divers ways of application in 
this kind, ſome whereof we have deſcribcd juſt bcfore, ig 1e- 
mains that we reckon up ſome others in this place, eirher more 
ingenious, or alſo more.uſeful. 

Fg. 132. 'Lettherebe a Pendulum I L, with a wire fixt ro 
[the Axis C-D, which reſts on the rwo poles C and D, ard in 
the:middle part of irs Axis, faſten here and: there two. little 
wings; or .thin plates of mettal, extended according to the 
length of the Axis, or in an Horizontal ſite, above this Axis let 
-the- upper wheel of the Clock A B be turn'd, being made by 
a peculiar art ; to wit, let it be made in form of a Zone, with 
a double row of Teeth diſpoſcd tro the end of the Zone in ſuch 
a double order, that when the Teeth, or little Keys that ſtand 
our, being conliderably diſtant from one another, each rooth 
of one row, anſwer to the middle ſpace of teeth of the other 
row ; for ſo: by turns they will, hit againſt, the aforcfaid two 
wings, to wit, one tooth or little key of the row towards the 
rizht hand, on the righ wing, and the other row on the lefr 
hand, on the left wing ; again, the othcx on the right, on the 
right wing, from whence are made the Altern Vibrations of the 
Pendulum. If then each of the two rows conſiſts of ten teeth, 
in all they will make rwerfy ;.-and_ the Pendulum muſt be of 
ſuch length, that each compoſed Vibration an{wers one ſecond 
of time, there may be, fitred on: the fame Axis of rhe wheel the 
Tympane F with fix teeth, which will be moved by the wheel 
G H of 36 tceth, for this will abfolve one Circuit in the ſpace 
of a Minute 5 ſo that an Index faſtned 'to its Axis, may note 
EVEr ſegond inÞAa-circle, divided into 60 equal parts; and be- 
kahe Toa Wheel G. þ,: another, may be firted, which may be 
rurn'd. aboyr in the ſpace of an hour, and its Index may ſhew 
the minutes, ' moreover another which may 'hew. the Hours, 


c ah 

Burt. ſomarhing, offerg.ic ſelf worth our noting in the appli- 
cation of Pendulums 2 locks ; in the nit place, if, 4 weight 
daubley. or rripley greater be hanged to a Clock, it is not the 
reaſon of moving it norably ſwilter, or ths, cauſe of making 
the hoars vifibly ſhorter, becaule in this cafe the Perdulum 15 
forced more vehemently, and ther-tore makes greater arches 
in its Vibrations z- it ſeems that it ought to move more iluwly, 
and: ro make the hours longer, it it be true that 1s faid in the 
Book of Pendulams, that the Vibrations which are made in a 
greater 
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$rearer arch from the ſame Pendalum are longeſt ; but expe- 
rience tells us, that the Hours are ſomewhat ſhorter if weights 
are hung much greater, and the reafon 1s, becauſe the wheel 
which is called Serpentine, or the wheel meeting with the 
beam of the. Ballance by way doth not permit each Vibration: 
co run through the whoſe Arch which they would runthfrough, 
and therefore cuts them off a littte ſhorter; 

Secondly, For this reaſon Pendulums ought to be a ſmall' mat- 
ter longer than if they were alcogether at liberty, leaſt each of 
their vibrations be made in a ſhorter time than is meet, 

Thirdly, You ought not to uſe a ſtring br little chain, be- 
cauſe they will bend; but a wire, -or in greater Perdulums, a 
rod of Iron, or other Metral.. . 

Fourthly, Since in theſe kind' of Clocks the augmenting or 
decreaſing of weights ſ{ignifes lictle ro the fwiftneſs or ſlowneſs 
of motion, but the ſwifrneſs or ffownels depends almoſt wholly 
on the length or ſhortneſs of rhe Pendulam; therefore that: 
Clock may b= reduced co the juſt meaſures of Hours, the Globe, 
or Ball, ought ro be fixed to'the lower end of the Rod, in ſuck 
manner, that it may be raiſed or deprelled, and that may be 
done if there be a ſcrew made on the end of the Red, which is. 
engrafred ro the Globe more or cs, and. binds ir 'very well 
that it flide not down, which inconveniency may be prevented; 
by another concave Screw Þ, which keeps the Globe aways in 
the ſame place. 

Fifthly, 'Tis:berter ro hang a heavier weight to a Cleck, or 
make uſe of a ſtronger Spring, and to.apply a Pendulum a lit- 
tle che longer. F 

Sixthly, The Vibrations ought not to be roo great, but the 
Pendulum ought to ſwing backward and forv:rd to the height 
of 30 or 40 degrees in its arch. 

Sevcnibly, Clocks made with Pendulums, require much grea- 
cer weight or ſtronger Springs than others, which are regula- 
ccd by the ordinary ſimple poiſers. ſo that ſometimes a "triple 
weight 15 required to It, than 1s required tv a Clock withorit /a 
Pendulum ; nevertheleſs for divers reaſons, according to the 
manner or fathion, a Pendulum may be tired, it muy require 
more or leſs weight in the precedent artifice, -unlets he little 
wings of the Axis C D be made long, tt will require a great 
weight ; a5 appears from the principles of Mechanieks, 


Eighthly, 
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 Eighthly, Greater Clocks which are furniſht with greater 
Pendulums, in like manner require weights in the ſame pro- 
portion, or alſo in a greater than the times of the Vibrations 
have, or which is the ſame, in ſubduplicate proportion of the 
lengths of the Pendulums; for Example, ler a Clock have a pen- 
dulum of 36 inches, or 3 feet, which makes each Vibration 1n 
one ſecond, and another with a pendulum of 9 inches, which 
abſolves the vibrations in half a ſecond, ſo that in one hour 
that makes 3600 vibrations, and this makes 7200 ; ſince the 
pendulum of the firſt Clock is quadruple of the other, to agt- 
rate it, is required a quadruple force or weight; becauſe it 
ought to more but doubly flower, alſo the Serpentine wheel, 
or that which incites the pendulum, muſt be moved doubly 
flower, and therefore the weight hung to the lower wheel will 
have a double weight, therefore a double weight ſuthces ro move 
a pendulum ct quadruple length through like Arches; for a 
double weight, it it have over and above a double poiſe of a- 
nother weight, is equivalent to a quadruple weight. 
Fig. 133. Notwithſtanding *tis to be Noted, it the longer 
pendulum be inforced in a point proportionally di- 
ſtant fromthe centre of the pendulum, a weight as little again 
will ſuthce tro move the long pendulum, as it the pendulum A 
C, receive an impulſe from the upper wheel in the point B, and 
another longer pendulum D F, receive an impulſe in the point 
E, and let the proportion be the fame of AC to D B as of D 
F ro DE, a weight doubly lIefler is required ro move the 
longer pendulum than to move the ſhorter pendulum ; for if 
the diſpoſition of the wheels be the ſame, or the velocity the 
{ame as the upper wheel, an equal weight is required as ap- 
pears, but in a longer pendulum the upper wheel is moved 
doubly flower, and fo the weight hung to the Clock hath a 
double poiſe, therefore a weight doubiy leſs fufhces. Bur it 
. the pendulum D F be impelled in G, ſo that D G be a mean 
proportional between AB and D E, than an equal weight in 
each Clock is required, and only double the weight is requir- 
ed in the Clock of the pendulum D F, when the pendulum is 
incited in the point H, fo that D H be equal to A B, and the 
Globes C and F are ſuppolcd of equal weight, but if the weights 
_ are unequal, then' their proportion ought to be had, which 
may vary diverlly. 
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Problem. VII. 
Another way of fitting a Pendulum to a Clock. 


Fig. 1 3+JJF* we will deſcribe the way moſt in uſe of fir- 
ting Pendulums to Clocks, the ſerpentine or 
encountring wheel, muſt be placed in an Horizontal ſite, and 
the beam of the Ballance alſo ſftrercht our Horizontally on the 
ſame ; the wheel furniſht with jagged teeth, muſt have its num- 
ber unequal to this, that two little flaps, or wings, of the Beam 
of the Ballance, may lay hold on the teeth by turns, according 
to the uſual manner, which lictle wings ought therefore ſo to 
be joined ro the beam of the Ballance, that their planes make 
a right angle, and the Axis of the beam ought to be extended 
preciſely through the centre of the Wheel ; bur becauſe if the 
Pendulum be immediately join'd ro the beam of the ballance, 
its weight will burden it roo much,therefore a handle is added 
to the beam, boared through in the extream point, ro which 
hole is fixt a rod hanging at liberty that it may eafily agitrate. 
But you muſt take care that the lower little arm poſſeſs a 
middle fire between each little wing of the beam of the Bal- 
lance, leſt one vibration of the pendulum be greater than ano- 
ther, and make the motion very incongruous and lame; inthe 
reſt obſerve the precepts already delivered ; ſome fix a Globe 
unmoveable on the end without any Screw, moving the cen. 
tre of the Spear or Wire, they raiſe it or depreſs it to reduce 
the vibrations to the exa& meaſure of time, tor when the cen- 
tre is raiſed, the pendulum runs through a lefler arch, and 
ſooner diſpatches each vibration, ſpecially becauſe 'tis reſiſted 
by a leffer impulſe, and it makes the vibration flower, if it be 
depreſt tor the contrary reaſons ; yer you muſt take care that 
the centre be not beneath the axis, nor that it be elevated much 
above it; laſtly, the length of the little arms are determined 
by practice, and by the wheels. 
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To amend the Irregularity of all Clacks and Fugins, mea- 
ſuring time otherwiſe than Ly the manner of Pendulums. 


" Know ſome. have not been wanting, who are willing to a- 
dopt Pendulums.to watches, or portables Clocks, neverthe- 
leſs they laboured in vain ; for the ſmallneſs of the Watches, 
and the diverſity of their Scituations, with the continual agi- 
tation of the pendulums, while they are carried about, cannot 
eaſily admit them to vibrate uniformly-; and although the pen- 
dulizm may be ſo fitted, that ' being librated between. many 
Circles Or rings, after the manner of; a Sea Needlr, it nfty al- 
ways obtain a perpendicular fire; however the agitation of the 
whole watch will make the vibrations of the pendulum to run 
ſomerimes in this, ſometimes in the other parc, hindering their 
equality altogether, beſides that, the ſpace which the beam re- 
quires, is. much greater than the magnirude of Watches will 
conveniently admit ; wherefore perchance more patly,the whole. 
watch with its. pendulum appled to it after. one. of the foreſaid 
preſcriptions, may. be bung within 3 or 4. little circles, which 
may cafily be included in a Spherical caſe of the Watch. 

Since therefore the application of Pendulums. to theſe kind 
of Watches, or other portable Engins, are either uſcleſs or al- 
together difficult, the illuſtrious Hugenius ( for his new. Inven- 
tion, now known to all the World ) hath found out another 
way, which I could ror paſs by in this place, it being very 
profitable and ingenious, therefore accept it. as taken from Let- 
ters of the ſame Author. 

The Miſtcry of the Invention contiſts in 2 thin plate of met- 
tal or ſpiral.creſt, having faſtned to it at the lower end a Cars- 
gut String, or an Inſtrument of. an equal weight, bur greater 
and more punderous than is wont, and movable of its own 
accord to.and fro.upon its points ; and ihe other cnd is faſt- 
ned Iv a little part or covert ſitcking up above the upper part 
of the Clock, which being once vibrated to tne tongue of the 
Ballance of the Clock, comprcites and relcafes its fſpircs one af- 
ter another, and drawing co it ſelf a little hclp coming from 
tae wheels of the clock, maimains the motion of the Inifru- 
nNcizt or Ballance ſo truly; that although i makes greater or 
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leſſer digreſlions, its reciprocations nevertheleſs thronghour are 
equal in time one to another. 

Fig. 134. In the figure of the former Clock the plane is 
A B, the circle of the Ballance, or compaſs abour the tongue 
of the ballance C D, its axis or lance E F ; the wing or ſpring 
rurn'd into a ſpire GHM is faſtned to ihe ſpear of the bal- 
lance in M, and to the thin plate of metal on the upper plane 
of the Clock in G, ſo truly, that all the ſpires of the ſpring 
cleave ro theſe two props hanged up in the air, touching no- 
thing beneacrh: NOPQ is a cerrain covering, or propping, 
in Which the other point of the ballance is turned : R $ is one 
of the toothed Wheels of the Clock, having a certain motion 
of the poiſer impreſt on it from meeting with the next wheel, 
and this wheel RS is folded into the Tympane T, made faſt 
to the axis or ſpear of the poiſer, whoſe motion is by this means 
as much maintain'd as there is occaſion. 

This Invention of Hugenius may. be uſed not only in Watch- 
es, and portable Clocks, bat alſo in others which are put into 
motion by hung weights; and to which he adds, That a clock 
made by the foreſaid Artifice may * be {erviceable in finding 
the Longitude at Land and Sea, which I am not eaſily indu- 
ced to believe, for neither is the incquallicy of motion of Clocks 
more correRed by this Invention than by Pendulums, as you 
may eaſtly underft..: 4 by what is ſaid, nevertheleſs 'tis very 
uſctul, becuaſe it ::: :y be farred to poxtable Clocks, or Watches, 
which car...ot ſuffer a®endulum. 

Fig. 135. I gbi-rve that the ſpear of the ballance EF may 
agirate, and ur i{5 1 am miſt-«.n, more beneficially by a Zone 
or double whe. + with ſmoc.;: ce*th, or little keys after rhar 
manner, whe'. by : gendulem azitates in the fifth problem, to 
Wit, it cc-little keys C) Lf, o, 7 ec. by turns, or one after 
anuthe;, hit 192i: at the (wo litiic wings A and B, here and 
there fixt to the {ame {pe:.c or lance 3 for fince this ſpear ought 
ro be much thicker 2. {crronger than commonly they arewonr 
in common Clocks, a1:d more reliſfts. the impulſes of the wheel 
S R, by reaſon of the Ipire G H endeavouring againſt it, the 
poiling wheel commonly call'd Scrpentine is not fo uſeful, 
which is wont Ito agitate the common fpear of the Ballance. 
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Problem. IX. 
A Clock that makes no Noiſe, and'yet hath a Pendulum. 


Fig. 1 3%-J7 will not be unpleaſant in this place to deſcribe a 

kind of a Clock which we found in F:ther Mili- 
et's third Book of Statics, or art of ballancing, Prop. 59g. where 
he hath theſe things. os 

This kind of Clock, or Watch, is moſt uſefull, becauſe no 
found of the Poiſer is heard, and therefore may be uſed in a 
Bed-room without fear of diſturbing ones reſr. 

The Lord Setale hath had many of this kind made, and the 
Artifice was thus : The Clock conſiſts of 4 wheels, and one axis 
furniſht with little wings or Piniors. 

The firſt wheel was furniſhe with 96 Teeth, and diſpatcher 
half a circulation in an hour. 

The ſecond had in the axis 12 little Teeth, and in the cir- 
cumference of the wheel, it had 72 little Teeth, and it accom- 
pliſhr 4 circulations in one hour. 

The third had 6 little teeth in the axis, and in the circumfe- 
rence 6o little teeth, and finiſht 48 circalations in an hour. 

The fourth had 8 little Teeth in the axis, and in the circum- 
ference 80, and finiſht 360 circulations in an hour. 

The axis furniſht with wings which is deſcribed in the Fi- 
zuree e, had8 little teeth, and finiſht 34po circulations in an 
hour, and fince every Circulation made one compounded vi- 
bration, there was 3600 compounded vibrations, and 7200 
fimple ones; one compounded vibration is equal to a ſecond 
Minute, and a fimple one to half a fecond minute, the length 
of the pendulum was'g inches. 

The whole Arrifice conſiſts in the axis B C, and in the han- 
dle of the pendulum H I K, which may b= turned about the 
point G, as about an axis, and the point K was ingrafted in 
the point 6 of the axis, furniſhr with rings, which axis while 
it turns, inforces the arm K I, and draws 1t in by turns; which 
you. may eahily conceive, if the arm K I be at right angles with 
the axis B C, and beingrafted in the point 6; the reſt may bet- 
ter be conceived if the thing be put into Execution, than can 
be expreſt in. words. 


Problem, 
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Problem. X. 


To determine the numler of Teeth and heels in Clocks 
which have Pendulans. 


T2 praftice ought not wholly to be negle&ted, which is. 
moſt uſeful in dire&ing Artificers, eſp. cially imrce it alfo 
contains a method of beginning, ard reckoning the number 
of vibrations and circulations of wheels, which is very neceſ- 
fary in the conftrution of all orher Engins. 

The foreſfaid Author began theſe reckonings, together with 
the foreſaid method in divers forms of Clocks, beginning from 
a Clock which conliſted of two wheels only ; for although is 
is difficult to fit that pendulum, nevertheleſs if it be accompliſhe 
it will be very exact, ſince the meeting of many wheels induce 
always a greater inequality in motion. . 

Fig. 137. In the fult place thezefore ( faith he ) ler there 
be two wheels, the firſt or lower of 120 teeth, which is ſup- 
poſed to finiſh two circulations in hour, wherefore ir will be 
equivalent to a wheel of 240 teeth : The ſecond wheel hath a 
little wheel of 5 teeth, wherefore while they paſs through 5 
of the teeth of the greater wheel, the ſecond finiſhes one cir- 
culation, therefore you muſt know how many times 5 is found 
in 240, Which you will know by Divition, and the quotient 
will be 48, wherefore the ſecond wheel makes 48 circumyolu- 
tions in one hour: And it appears, thar the ſecond wheel of 
35 teeth, each of which effefts rwo ſingle vibrations, fince ic 
touches the poiſer twice ; wherefore each circulation makes 
70 vibrations, multiply 70 by 48 and you will find 3360 ſingle 
vibrations in an hour, the Pendulum will be Feet 3+, and ſome- 
what more. 

Fig. 138. I will propoſe another nor unlike the precedent : 
Let the ant wheel have 120 teeth which will make two cir- 
culations in an hour, and therefore will be equivalent to a 
wheel of 240 teeth: The ſecond little wheel ſhall have 6 teeth, 
divide 240 by 6 and the quotient will be 40, the ſecond wheel 
then will be turn'd round 4o times in an hour, and ſhall have 
45 teeth ; and becaulc, as 1 ſaid but now, each rooth touches 
the poiſer twice in cach circulation, this number will be doub- 


led 
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led ard will make go, which number multiply by 40, ard 
you Will have 3600 ſingle vibrations in an hour, that 1s, gach 
ſinzle vibration wili be equal to a fecond minute ; the length of 
the Pendulum muſt be 3 feet 3 inches and +3 of our Englith 
feer. 

Or if inſtead of the 6 teeth of the little wheel you put the 
tecth of the liutle wheel ;, for then the ſecond wheel c:m- 
plears 48 circulations in an hour, and there wiil be 4320 vi- 
brations in an hour, the length of the Perdulm will be about 

v0 fect. 

In'the like manner, if there be given the tirft wheel making 
two Circulations in an hour, and of 150 tecth ; the fecond 

| wheel, or that which encounters with it, ſhall 
Fiz. 139. have a little wheel of 5 teeth : Wherefore the di- 
viſion being made of 3oo teeth ( which are in two 
Circulations ) bv 5, it will make 60 circulations : Suppoſe 5%o 
teeth in the ſecond wheel, that is, 120 Vibrations In each Cir- 
Culation, it will make the number 7200, and the Pendulum 
abour 9 inches, that is, each tingle vibration will be equiva- 
lent to half a {-cornd minute. 

The ſam< things bcing obſerved, except that the firſt wheel 
compleats only one circulation in an hour, you will have-the 
number of vibrations 350:, and the Pendulum will be 3 feer, 
that is, each vibration will be equal ro one ſecond minute. 

Which Ex2mples I have pur only, becauſe you may learn 
the mcthod of finding out other numbers, which ſhall ſeem 
more fit. 

A Clock with three Wheels. 

You can ſcarcely make Clocks with Perndulums which fh:11I 
have only two wheels, unleſs you make the Wheels very 
great, and abiir.dance of reeth: Wherefore the greater are 
commonly mice of three Wheels, and the lcfler of tour : I ſhall 

exhibit in this place ſome numbers : A Clock hath 

Fig. 140. 3 Wheels, the fuſt of which hath 112 recth, and 
the ſecond little wheel 5, the fecond wheel hath 

6o, the little wheel, or axis of the thi1d' wheel hath 8 teeth, 
the mecting wheel 15, you will have the r.amber of Vibrations 
thus, Divide 112, the number of reeth of ihe tirſt ( which in 
eich hyur 13 once rurn'd about © by 7, ro Wit, the axis of the 
ſecord, and you Will tind the fecor.d ro be turn'd about 16 
times ; 2rd the ſecond hath Sc teeth, wherefore multiply _ 
y 
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by 6o and you will find 950, therefore it paſſes over 950 teeth of 
the ſecond in an hour, which number you muſt divide by 8, the 
4xis of the third, and you will ttid the third to make 120 Cir- 
cumvolutions, and it hath «c teeth which make 30 ſirgle vi- 
bratjons, multiply 3o by 1:0 you wiil have 3500 lingle vibra- 
tions, and each equivalent to a fecond minute, the lenzth of 
the Pendulum mult be abour three feet. 

The fame is betier done by other numbers : Let the fi: have 
95 teeth, the axis of the fecond 6, the fecord 4.5 the axis of the 
third 6, the third. 15, and this length of 3 tect is belt tor 
great Clocks. 

The 3 foltowing. numbers give the number 7300 vibrati- 
ons in an hour, that is, .2 vibrations in ore fecond minute, to - 
wit, the going and returning, and the length of the Fendulum 
9 inches. 


$424 
O 


— _@@ 


Vibrations 7200 Eh Vibrations 7200. 
order of. Circumvo- Teeth of; ; Circum- | Teeth ot | Citcam= | Tcerh of 
wheels. | lutions. | wheels. (oturions wheels. :\VOJuUtionS: wheels. 

I | 144 | 25 | 144 | 25 Jj 144 |- 38 
| a os Tea RED - ——_—_—_—— 

2 40 60 147 50 

I5 5 I2 6 5 

7 x ve 6 | 8 | 
\Cengrh of Pendulum 9 inches Pend. 9 inches. Pend. 9 inches, _ 


In the ſucceeding Table the numbers deſcribed. give the Vibra- 
tions 7600. and 10000, With the Length of the Pendulum 
$ inches and 4. inches and 5. 


Vibrations 76-0. Vibrations I-00. | 
forder at | Circumvo | Teeth | Cucum- | Teeih ; | Circum- | : Teeth (Ci-. Tee. 

i\wheels. | Jutions. volutions olutions — 
wheels | Jurions Te — 
| 3 200 I'9 | 2O0O 19 2O0O 25 [-0@| 25 
| 6 5 Wo J 5 
2 20 60 {j!- © 20 BY Re 50 20{ 52 
& + 6 | : 
Sv ———_— — n —_ -xis EE 20 m—— pl 
T1 & ||'2 | &@ | = E wo 
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Length of Pendulum 8 inches. Pend. 8 inches. Pend, 4 inches 47 - 
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The following Numbers are for a Clock, which makes 10800 
Vibrations in an hour, or 3 in one ſecond minure, the length 
0® the Perdulum 4 inches and +5, and others alfo, as may be 
ſeen in the fo lowing Table. 


19305 {| 10800 1 4-0 1 1400 [| 11400, 1994+ || 9600 | 
: | || 
| 7 yo 

206 [25/216 |25 23d |25]/300 tg]/300 ,19 [288 191;320 [ 
5\| 5 | 5| 5 5 
224 231] 18 [601/28 [50 30 |50[| 25 Go! 24 Go (264 60 
K it 6 5 6 G' 6 | 6 

[eenmremnant anne —— — n_— un | CI ——_—_—_— a 
es _—_ 1, |» 2] 2 72 | 2 (75 2 = Ho & | | 2 30] 


The following Numbers are for a Clock with 4 Wheels. the 
number of Vibrations in an hour are 10800, 0 wit, 3 Vibra- 
tions anſwer one ſecond minute, the length of the Pendulum 
15 abour 4 inches 3. 


10500 | 10300 | 10800 | 10800 | 
260 if Ig 2360 | 83 360 | Ig 360 | 15 
6 5 6 6 
60 36 60 Z9 60 36 60 36 
6 6 6 6 
74 48 9 40 s 45 8 45 
8 6 | 
I GO I | 54 I | 64 I 55 
bh | | | 


Theſe Tables were made by the foreſaid Author, wherein 
the Printer had committed ſome Errors which we have amen- 
ded, thar they may be ulſctul ro Artificers. 

If in the {aft Table you take the numbers propoſed, chang- 
ing only the number 15 of teeth of the upper wheel, and in 
its place uſing a wheel of 2o recth, you will have a Clock 
which 
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which will compleat 14400 Vibrations in an hour, to wit, 4 
in one ſecond minute, and the length of the pendulum will be 
Inches 2 £ ; nevertheleſs becauſe many Artificers will have the 
meeting wheel to have an odd number of teeth, they obſerve 
the precedent numbers, to wit, ſo that only the laſt wheel bur 
one which finiſhes 6o circulations in an hour hath 48 tecth in- 
ſtead of 36 tecth, and makes the ſame number of Vibra- 
tIONS 14400. 

Wheels are divided many other ways, and the Clocks are 
commonly furniſhe with Pendulums ; ſome are fo diſpoſed, 
that the ſerpentine, or encountring Wheel, is turn'd round 66 
times in an hour, and is furniſhr with 60 teeth, and finiſhes two 
vibrations in one ſecond minute ; or hath 3o teeth, and fini- 
ſhes one vibration in a minute, then the number of the teeth 
themſelves inſcribe the minutes which appear conſpicuous 
through a round hole, or through a little opening made in 
the front of the Clock. 


Problem. XI. 


To corre perfettly the inequality of motion of Clocks, or other 
Enzins that meaſure time, having Pendulums, by apply= 
ing a double Pendulum, and by Cycloides. 


Lrhough a Pendulum applied to a Clock ( as we have 
ſ.id ) effe&s chis, that if the impulſive cauſe of motion 
of the wheels be rvo ſwift, or roo flow, its vibrations tempers 
it, each of which when chey meaſure a determinate time, ef- 
ther they agree to the too much celerity of the wheels, or 
they ſtir up and excite their heavineſs and Juln.cis, whence for 
the molt part the irregularity is taken away ; notwithſtanding 
bec1ute while the Pendulum refiſts the unequa! impulics of 
che wheels, their vibrations mult needs contratt fome 1rregu- 
larity to themſelves, fo that ſome make ir excurtons tho” 
greater and others thro! leſſer arches ; ard it appears by whet 
has been ſaid, that thoſe Pendulume hnifh their arches in thoc- 
ter time which make the leaſt arches, and th ofe in longer 
which make greater or larger arches: Hence 't1s, that by ap- 
plication of a Pendulum all the regularity 15 rot waolly cor- 
rected, unlets the Clock be lo firted that the vio ations be iru- 
ly regular and uniform. 
D Ar: 
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And this irregularity of Vibrations may proceed from' a 
threefold head; the firſt is, the various temper of the air thro' 
which the globe paſſes, for if it be rhick it refiſts more, if hea- 
vier, the motion is not only conſequently hindred by the grea- 
ter denſity, but alſo the weight of the globe is rendred lets 
ponderous, thar therefore they have leſs ſtrength ro cut the 
air, and it renders the motion of the wheels and the Impetus 
The ſecond is, the impultive force of 
the wheels, or other power, continuing the vibrations, which 
if it be irregular, induces in like manner at leaſt fome, it nor 
all, the Irregularity in the vibrations, ard theſe two heads may 
be referred ro outward Cauſes. 
from the- nature of the vibrations themſelves, which are, as 
we have ſaid, that if a globe fall by its own weight, in ſwing- 
ing it will make many vibrations, yet they will not all be ot a 
like continuance. 

The irregularity of Vibrations which proceed from the firſt 
head may wholly be taken away, if the Clock with the Fen- 
dulum be included in a caſe of glaſs, or ſuch like receptacle, 
wholly unpaflable co the air ( which how to perform we 11:4! 
ſhew hereatrer ) wherefore it remains that we ſpeak to the 
rwo other. 

To the Irregularity of the third head, which is as it were 
inbred in the {tmple vibrations themſelves, a remedy ſeems to 
be found by the irduſtrious Hygerius by the following inge- 
njous practice, the whole Art conſiſts in a double arch of the 
tigure of a Cycloid, within which the Pendulum agitates. 

Let the Pendulum be A B, which 1s agitated to 
and fro ty iridifferert arches B C, BD of 20 degrecs, ard let 
this Pendujum hang by a thred or ſmall cord A E of one inch 
more 0r leis, acco:ding to the I-ngth of the Pendulum, whoſe 
remaining part E B muſt be fit ;. ditpoſe here and there ncar 
the Centre 4 iwo bowed thin pl-tcs of mutual AGH and A FI, 
fo that they touch the lines A D, AC, in the points F and G, 
and the carvity oughttohave tenure ofa Cycloid ; fo it will 
Come to plz Har If the Pendulim make greater vibrations, a1.d 
runs Out bevound the lines A CA D, it willtouch the Cycloid 
in the points F ang G, and its j; 
bur F 1), 2nd iv 
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iy appear, nor doth his Demonſtration ſeem to be lawful, 
whereby he pretends to ſhew by this Cycloid that the length 
of the Pendulum is made leſſer and lefler ſucceſlively, while 
it hits againſt the thred A E, and that thar leſſer length preciſe- 
ly compenſates the greater length of time of the vibratiors 
Which are made by the greater arches. 

The manner of deſcribing the Cycloid,according to the Au- 
thor, is two fold : Firſt, deſcribe a Circle whoſe diameter A B 
is equal to half the length of the given Pendulum ; take in the 
circumference any number of equal parts both ways from the 
diameter as AC, CD, DE, EF, and AG, GH, HI, I K, and 
Join the parallel lines CG, D H, E I, F K, then make the right 
line L M equal to the Curve or arch ADF, and divide it in- 
co as many equal parts as there are in the arch, to wit, into 4 
parts, one of theſe parts of the line L M transfer from C to N, 
and the ſame transfer from G to O ; moreover two of theſe 
parts L M transfer from D inP, and from H in Q; likewiſe 
three of them from E in R, and from I ins: Laſtly, all four 
from Fin T, and from K in V, and by the points A,Q,Q, 
S, V draw a line, and alſo by the points A, N, P, R, T, an 
they will be portions of a Cycloid, between which the Pendu- 
lum muſt be hung from the Centre A; the right line L M 
which is to be equal to the arch ADF, he teaches to find in 
this manner : Make X Z equal to two chords, ſubtending the 
arches AD, DF, then take X Y equal to the Chord AF, of the 
whole arch A D F, take the third part of the difference Y Z, 
thatisZ A, and additto X Z, and X A will be a right line e- 
qual to the arch. 

The ſecond way is Mechanically ; on a plain Tadle, place a 
Ruler A B half an inch in thickneſs, make alſo a little wheel or 
cylinder of the ſame thinknels CDE H, whoſe Diameter make 
equal to half the length of the pendulum ; then a thred or ftrivg 
ECHE being faſtned in the point F of the rule, and in fome 
point E of the Cylinder, fo that part of ic be wound about tte 
Cylinder, and the other part exicnded on the tide of the rule 
FC; inthe fame Cylinder fix an iron ilile DI, which hall 
dulcend a liue below the lower baſe, and exattly correſpond 
ro the circumference of the Cylinder ; thele things thus dil- 

ed, it the Cylinder turn about on the fide B A, rowards A, 
{o that the ſtring be always wholly {treght, the ſtile with is 
point I, will deicribe the cycloid line I K, and in the fame 
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manner, you may deſcribe another like and oppofit unto it, 
and you will have the figure M K I, which repreſents the ſpace 
berween the rwo crooked pieces of thin mettal, berween which 
the pendulum ought to agitate, fo as to make all its vibrations 
in equal times. 

Another late invention of Mathew Campanes Confifts altoge- 
ther like to 4 double Peadalum, which 1s ſo firted ro the Clock, 
that one of th-m moves and makes a certain number of vibra- 
tions, thz other reſting, and by turns while the firſt reſteth the 
other finiſhes the ſame nuniber of vibrations ; and in this man- 
ner, *tis 2girated by one after tother, that as ſoon as one reſt- 
eth, the other begins to move, for if a pendulum of its own 
accord and proper weight falling from ſome certain heighr of 
its arch, make 100 vibrations in the ſpace of one minute of an 
hour ; *tis certain that another exa&ly like the former will e- 
fe& the ſame number of vibrations in the ſame fpace of time, 
provided it fall of it ſelf from the ſame height; ro wit, the im- 
pediment being removed in the ſame manner which derain'd 
the pendulum from falling from that Alritude ; wheretore it 
two pendulums are fo fitted in a Clock, that they are both e- 
very where alike, and falling from an equal height finiſh 100 
vibrarions in one minute, they will move one after another, 
nor will one begin to move until che other has finiſht xoo vi- 
brations, and no irregularity can intervene in the meaſure of 
motion, ſince each compleats 100 vibrations in one minute 
preciſely. 

And the Clock may be ſo diſpoſed, that white one pendu- 
lum makes its vibrations, the other pendulum nor only reſts, 
but neither any of its wheels of the Clock are moved, behdes 
fome one deſigned for the purpoic. that as ſoon as the other 
hath made 109 or 60 vibrations, it removes the impediment 
which derain'd borh the pendulum and the Clock. and derains- 
the pendulum firft in agitation to reſt at the fame inftanc that the 
other together wiih the Clock begins ro move; then again, 
the Clock with the pendulum reſteth che impedianent being re- 
moved from the motion of the other pendujum. 

This may be done many Ways, as any one inſtrugted and 
exerciied in Mechanicks may ealily underſtand ; the Author 
ſhews one way, which becauſc he hath not ſufficiently explain- 
ed it, 't15 in vain to deſcribe it kere. 

And althvagh I think this kind of Clock furniſht with a 
double 
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double pendulum to be moft exa&t, and fcarcely to err one 
minute in an whole day, that 1s, in 24, hours, if ir be well kept 
in fome Chamber, and be phaced in an unmoveable ftte ; yer if 
you make ufe of it in Navigarion to find the Geographical 
Longitude, I cannot efteem it wholly ro farisfie what is defired, 
for two Reaſons ; firſt, becauſe ir can fc:rce be in the agiration 
of a great ſhip, but the whole Clock nnft conceive fome mo- 
tion, or at leaſt a light ſhaking or trembling-Iin it ſelf, alchough 
ic be artificially fixt on movable poles, or hangs on movable 
circles; from which trembling or ſhaking, the vibrations of 
the pendutams muſt needs ſuffer ſome irregularity. 

The ſecond reaſon common to, all kind of pendulums is, 
becauſe while the pendulum is moved together with the ſhip, 
it makes not a Circular motion, bur another motion mixt of a 
Circular and a right; yea, if the ſhip befides an Horizontal 
motion be agitated by other morions, chiefly upwards and 
downwards.as happens many times in an unquiet Sea, the mo- 
tion of the Pendulum will be mixt of a Circuler, Horizontal, 
and of other motions both right and crooked, nor at any time 
uniform, from whence it comes to paſs, that while the centre 
of the pendulum is trregularly moved, its vibrations will be 
irregular, and it will run through ſome times greater and 
fome times kfler arches, or rather crooked lines, and altoge- 
cher unlike between themſelves, as we have ſhewn before, 


Problem. XII. 


To reduce the continual moving, and irregular Powers of 
Clocks and Engins, to a regular and uniform motion. 


Ince in the preceeding Problem we have tanght ways and 
means whereby the finite and irregular motions of Powers 
may practically be reduced ro equality of motion, nothing: 
ſeems now to be wanting, unleſs *tis ro ſhew how to obrain a 
motion equal an4 uniform in powers infinite or continut, 
which otterwiſe of their own nature are irregular ; which, if 
it be doc, w.. hall atcain to a motion continual, and altogether 
equal, never'iii-(s F do not mean that continual motion which 
T5 alrogeth'. irc ot ical,or purely artificial, of whichin its place} 
burtheocker whic' is lk d Uhyfee-Mechanic,becaule thac it part- 
ly coniiits of ui, id parity of Nature; for ſince no moving 
Dd 3 power 
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power ſeems to be continual or perpetual, unleſs ir be natural, 
or depends immediately on a natural cauſe, as we ſhall manifelt 
hereafter, and theſe kind of natural poweis or virtues in nature 

cep not always an equal order ; it is requiſite to find out an arr 
whercby we may effect that their force, although unequal, may 
nevertheleſs be ſerviceable to the perpetuating of a motion e- 
qual, and alrogether uniform. 

Therefore I call all thoſe perpetual moving powers, or na- 
tural and irregular, ro which we are apt either immediately 
or mediately to apply new weights, or regular powers, within 
ſome finite and determinate time ſuccellively, and always tv 
the Engin being once made. X 

And all the induſtry and art which is to uſed in this matrer, 
may eaſily be gathered from what we have ſaid in Problem the 
5th, for if we ſuppoſe a Clock tro be made, whoſe motion 
according to the rules preſcribed juſt before is abſolutely uni- 
form, and ir ſhould go ſo for eight days by ſome weighthanged 
© the lower wheel, that in that ſpace of time, it ſhail wanr 
no help, if then within that ſame time of 8 days an infinite 
power, or a perpetual natural one be artifically applied, thac 
ſhall be fic ro raiſe another weight equal to the former, ard to 
depoſit ic in the place of the former, ſo that forthwith the 
weight of the Clock likewiſe ſhall defcend to the bottom, ard 
be placed in the ſubje&ted channel, the Clock will be moved 
again by that new advanced weight, according to the artifice 
in Problem the 5th. aforcſaid, and rhat will alſo keep it gcing 
8 days, it is plain that the motion of the Clock will be equal 
and perpetual. 7 | 

Bur Note,that you muſtuſe two weights at Icaſt, one where- 
of muſt be hung to the Clock, while its regular motion moves 
forward, the other by an irregular power ( ſuppotc Wind, 
Rain, Heat, Drought, &c.) is ſubſtituted in its place, betorc 
that hath diſcharged its office. 

Moreover theſe two weights ought to be Spharical,thar one 
may eaſily ſucceed the other, the devolution being made by a 
channel, or plane, ſomewhat dcclining, as in the ſame 5th pro- 
blem is ſhewn. 

Laſtly, *ris convenient that the motion of the Clock be long 
enough, and laſting, before the weight defcend to the loweit 
place,'for this reaſon, that the natural powers may ſerve tun a 
ſufficient time in the interim, that the other weight that Comes 
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in place of the former be drawn up; for although the fore- 
ſaid power be perpetual, yer it acts not always, . or at leaſt fo 
lictle fomerimes, that although ar ſome times it be more ſtrong, 
oft-rimes nevertheleſs a time may. be ex. efted for ſome hours, 
or alfo days, whetein force convenient may be attained by the 
ſucceſſive and irregular ſeries of natural caufes; that you may 
more clearly underſtand what is meant when we ſpeak of per- 
perual motion, for then we deſcribe various perperual motions 
Phyſico-Mechanic, from whence ir appears of what uſe na- 
rural powers are, and by what art they are applied, that their 
force although irregular may notwithſtanding perpetuate a re- 
gular motion to any Engin ; I will otter only one Example in 
this place, by which you may eafily judge of the reſt. 'Tis 
already known to Artificers, that by ſmall Breaths, or from the 
{moak of a Kitchin Fire, ſpits are wont to be turn'd, that is to 
ſay, diſpoſe in the centre of the Chimny ( which if it be Cy- 
lindrical it will be the better) a crofs, or ſome wheel, furniſhe 
with wings made of Tin, in the fame or like form as is before 
deſcribed, for ſo while thoſe wings hit obliquely againſt the 
Smoak, they carry the wheel about, and it there be in the axis 
a toothed Tympane, ir conveys that together with it ſelf, by 
which mcans it moves other wheels annext to it; a weighc 
ſomewhat Spherical pur into a little Basket, may be raiſed to 
a certain height, and there put down according as we have 
{aid at Problem 5th. And to raiſe this weight which is fit to 
animate the Clock in motion 24 hours, it will not be needful 
that wood be always put on the fire, but a fire a few hours 
will be ſufficient each day, if the Clock which is to animate by 
the weight raiſed by the Smoak,be proportioned to that weight- 
Wlwcretore in this, and any other like artifice, firſt you muſt 
examine how much weight may conveniently be raifed by a 
natural power in a limitted time to a pertixt height, and then 
make the Clock or Engin proportioned to ſuch weight. 

What we have ſaid concerning Smoak, may take place in 
Wind blowing, and Wings impclling, which wall raiſe weight 
by annexing wheels, allo if any one in a City, or the Gate of 
1n Houſe, difpotc a threſhold, or little Bridge, with an occulr 
leaver, or a ſpring of thin mettal plate a little clevared, ſo that 
by the entring or going forth of Men, of Hortcs, and of Cha- 
riots, 4 weight may be depretiled oft times in a day, from each 
force 4 weight ot ſomc bignels may be raiſed a little; and for 
by 


308 Mechanich, Powers, Book IX. 
by repeated motions may be drawn to a defigned height for 
the perperual animating of any Engin. 


Problem. XIII. 


A Clock animated, or going by Sand, perſevering in motion 
many days, and ſhewing the Hours, and alſo Striking. 


A Frer the application of weights, or moving powers, we 

come to thoſe Engins, or meafurers of time, in which 
the Circular motion is moſt apparent, and fince there are many 
Hour-glaſſes that belung to perpendicalar motion, or to an in- 
clined plane, it remains for the perfeCting of them, that we 
ſhew how ( approaching to circular motion ) .it maybe ette&- 
ed that they may turn themſelves by motion of their own ac- 
cord after the flowing. or running of the Sard, 2nd that nor 
once, but many times one after another, that therefore we 
may not only be freed from the irconvemency of attending, 
the laft flux of the Sand, while we are converſant in any other 
bulineſs, bur alſo that it may not want any help of the hands 
for ſeveral days, and each turning about may ſucceſlively ſhew 
the Hours, or likewiſe Strike : Maitk what follows. 

Fig. 143. Suppoſe: A B an Hour-glaſs with Sand, ſuch as is 
commonly uſed, in-the middle whereof fix a tranſverſe axis G 
H, and in an Horizontal ſite, and ro the ſame axis let there be 
firmly firted ewo Pullics, or rather Cvlir.ders here and there, 
movable with the axis by means of weights Q and R hang- 
inz from them; above the Hour-glais make another Horizon- 
tal axis I-K, movable about the poles 1 K, ro whoſe fide annex 
an immovable arm L M,with a weight M afhxt to.its end; and 
in the middle in like manner, let another Jittle arm N Q para- 
lell ro the former deſcend, which may be detain'd in its ex- 
tream part O, or rather elevated together. with the weight M, 
by a little wing ſtanding out from the upper batfe of the Sand, 
ſo that being hindred by the weight M, the Sand cannor be 
wholly turned by the weights Q and R, notwithſtanding it will 
remain in a fire not altogether perpendicular, but ſomewhat 
inclined ; and the weight M muſt be fo proportioned to the 
weight of the Clock, «nd alto ro the weights Q ard R, that ir 
may be dctain'd in the faid inclined fitz, untill all the fand bc 
deſcended from the upper glaſs A into the lower one EB, and 
when all the Sand is run into the lower glaſs B, it will obtain 
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greater weight, that therefore: while the Sand endeavours to 
be placed in a perpendicular fite, or in the- line of direQion, 
the weight M will rife higher, and at once will free the little 
wing O from the little arm N O, from whence follows the 
turning of the Hour-glaſs by means of the weights Q R, ard 
the lower part B will be placed in the upper part, and will be 
detained by the little arm N O, by means of the little flap or 
wing P, untill the Sand is again run out ; for then ir will a- 
gain be turned as before, and ſo ſucceſſively until the weights 
Q and R are quite deſcended ; but becauſe the little Cylinders 
C E, on which the ropes ſuſtaining, the weights Q R are 
turn'd about, may be of a ſmall bigneſs, and becauſe after eve- 
ry hour they make bur half a revolution, it appears that the 
motion of the Clock and the turnings may be extended'to ma- 
ny hours. 

Bur if you would fit an index to ſhew the hours, that you 
may eafily obtain by means of two lirtle teeth, fixt on the end 
G of the axis G H and oppoſite to each other, which ſucceſ.- 
ſively and by turns one after another, every turning of the 
Hour-glaſs will move forward the wheel G T, furniſh with fo 
many teeth as there are hours deſcribed in -the circle, which 
may be noted by a ſtanding - index fixt in the centre of the 
ſame wheel; but if in like manner.you afhx an hour wheel in a 
convenient place to the ſame Engin, which may be moved for- 
ward by means of ſome roothed Tympane, or wheel, by the 
ſame axis, you may Cauſe the number of hours to be heard by 
ſtriking on a Bell. "I 

Many other ways the index may be fitted to the ſame En- 
gin, and the ſtriking of the hours may be made, as will appear 
by what we ſhall ſhew hereafter, when we thall treat of the in- 
dexes of Clocks, and their ſtriking. 


Problem. XIV. 
A Clock moving by the Conſumption of Oy/ in a Lamp. 


Fig. 14+ MA a Lamp whoſe part A B entertaining the 
Cyl, iSlike a Column Or Cylindrical, ſhut Cloſe 

every where, «xc-pt in its loweſt part C, where the Oyl enters 
ftlowly through a liuale opening into a velll annext C L, while 
the other Oy1 is confumed by the lame L ; in the foremoſt part 
E e "© 


210  Mechamck Powers. Book IX. 
k N make a certain channel, and folder or glue it to the fore- 
faid Cylinder, within which 'on the upper part make a ſecrer 
or hidden pulley I, with an axis E F, preſenting or Conveying 
on the outward viſible face the index of the hours deſcribed in 
the circle G H. | 

Theſe things being done, put Oyl into the Lamp, or Cylin- 
der A B, upon which ler a cube D of light matter ( as Cork, or 
Wood ) ſwim, and to this you muſt faſten a thred, or car-gur 
DCGIM, wiz. that it may deſcend from the upper ſuperficics 
of the Oyl to C, and being put about the little pullies C C, it 
may aſcend to I, and be folded about that pulley ; and laſtly, ler 
the other end M ſuſtain a weight, yet of Iſs graviry than ro 
draw downwards the cube 'D, which muſt always Swim up- 
on the Oyl, and while the Oyl confumes, it defcends with 
the Oyl, and draws the thred, or Cat-gut, with the weight M, 
and rurns the pulley I, rogether with the hour Index. 

Note, That the magnicude of the little pulley I, muſt be pro- 
portionate with the defcent of the Oyl, and of the cube D; 
wherefore we muſt obſerve how much rhe cube deſcends in 
one hour, to the end that the little pull:y moving, the index 
I may be moved orderly. | 

Moreover the receiver tuft be uniform, and of one thick- 
neſs, and muſt make uſe of the ſame number of threds thar the 
Oyl may be conſumed uniformly, and the Lamp may be fll'd 
with Oyl, either by a little door, or wicket, beneath C, or by 
ſome hole in the upper baſe of the Cylinder A, which after- 
wards muſt be diligently fenced from the Air entring in with 
a SCrewW. | | 

If the axis of the little pulley I-be fo firted within the Cy- 
linder A B, that its end F ftick out on the out-ſide by a hole 
made in the ſame Cylinder,and turn about the Index, you will 
obtain the ſame effect without the channel on the exterior part 
I N, which is made to cauſe the artifice co ſeem occult and m1- 
ſrerious; but thar hole muſt be {o fitted tothe moyable axis with- 
jin it E F, that there appear no admitrance for air into the 'Cy- 
linder A B, for if there be, the Oyl will wholly deſcend, ard 
be poured out without the'veſlet C L. 

Alfo the index of the hours may be made in the upper baſe 
A, of the Cylinder ro fit, fo that the baſe it ſelf be for the 
hour circle, which may eaſily be obtained many ways, as will 
appear to any induſtrious Artificcr. 

Laſily, 
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Laſtly, Beſides the circle and the hour index, there may be aps 
plied. a roathed wheel, by whoſe means the hours may ftrike; 
and if to make it more ingeniouſly, you' would place a lirtle 
Bell within the Lamp to give notice of the hours, you muſt 
ſolder or glue an open tube ſpirally ro both ends of the in- 
ward ſuperticies of a concave Cylinder, deſcending about the 
Cylinder ; and through this tube, or channe], deſcends the Oyl 
while it waſts by degrees, and a globe of light matter fwim- 
ming on the Oyl within the tube ; then all things being fo tic- 
red, that in each hour the motion of the Globe in deſcending, 
fiviſhes one whole ſpire, and then ir hits againſt a peſtle, or 
ſome flap, or wing, which looſes the movable wheel from the 
weight, as is wont to be dcne in common Clocks with wheels, 
fo after the finiſhing of each ſpace of the ſpires, the Globe 
— the ſame wheel, cauſes new ſtroaks of the hours on 
the Bell. | 


Problem. XV. 


To make a pulley Clock, or a Clock of meer pullies without 
any toothed wheels, 


Fig. wats fr artifice is propoſed by Father Schorrus, lib. g. 
Tecnic. Cap. 10. Prop. 47. Let there be (ſays he ) 

a little pulley A B abour its axis, or alſo with a movable axis, 
ro this Join the perpendicular M N P, by the artifice in Pro- 
blem the 34, and that by means of a little rod M A ; from the 
lictle pulley A B, ſuſpend the pulley C D, by means of a per- 
petual knortty little chord, whether thoſe knots be made of 
tirm litcle balls diſpoſed or fixt to the rope, or knots made by 
bunding the chord ir ſelf, and cqvities or hollowings of equal 
ipace from one another, to —_— theſe knots in each pulley 
ABand CD; the pulley C D hath in its axis a little pulley E 
F made faſt, from whence is ſuſpended in the fame plain man- 
ner the pulley GH; and fo henceforward the pulleys may 
be continued as many as are needfull; trom the lower pulley, 
viz.tothe little pulley I K, of the pulley G H, hang the weight 
L, ſufficicnt for the motion of the pullics, and of the perpen- 
dicular ; all the axes of the hanging pullies muſt be moved nor 
within.a firm hole, bur within a certain flir, or notch, cur from 
the top to the bottom, that while thoſe perpetual chords _ 
BEI the 
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the knots are contratted, or diſtended, the axes of the pullies 
may be raiſed, or depreſled ; the reſt that belongs hereto, as the 
proportions of the pullies to-each other, are eaſily underſtood 
from what is ſaid before, all thofe pullies being agitated by 
the force of the weight L, will be moved circularly, and the 
perpendicular N P, freely moving in itsczntre or point of ſuſpen- 
lion, will be agitared by the lirtle pulley A B, and the little 
rod A M: See the problem before cited, and the other ways of 
applying pendulums ro Clocks before deſcribed. 

According to- the Author, the Pullies muſt be ſo diſpoſed 
that their axcs move Within the ſlit, or notch, and that cauſes 
the Engin to work ill, for when. the axes gravitate unequal- 
ly from the other Pullies, or from the weight L hung to the 
Pullies, they are crooked or awry, and do not retain an hori- 
zZontal titre as they ought ; wherefore the axes ſhould rather 
be pur into firm holes, and Icft the chords be ſhrunk or ſtretch- 
ed by wet, or drought, they may be wove of metallic thr: ds, 
or wyres ; but if you uſe common chords the axes mult be 
put into {lits, and not into holes, but the pulley ropes. ought. 
ro be doubled, and the weight hung to the lower little pul- 
ley, to wit, to the axis of the pulley C.D, another litle pul- 
ley equal tro E F mult be fixt, and you muſt anſwer the ſame 
in the oppolite face of the pulley ; which little pulley in like 
manner with another perperual chord muſt ſuſtain the ſame 
pulley G H, or rather another altogether like it, and. annexr: 
co it : Laſtly, another ſmall pulley like ro I K muſt anſwer on 
the oppolite face ; then the weight L. will be parted in the 
middle, and will be ſuftain'd partly by the little pulley 1 K, 
and partly by the other oppolie. 


Problem. XVI. 


To renmler tie motion of a Feadulum continual for many hours 
DB p 


or «lſo whole duys. 


M*z Artihces have been invented in-the liſt. years of this 
Age, and various Ways thuught on of rendiing or ct- 
ticCli.:z the motion of Fer:dulums continual, that they may 
peritevere tor many hours or days With the fame peropetuul ve- 
I.City ; rum Whence allo this advantage follows, that a!l the 
VIDI 4020115 ac made in equal tincs ; fone of thele kinds of 
Artitices 
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Arrtifices I ſhall deſcribe in this place, which ſeem to me moſt 
meet for the purpoſe, for any one of his own ingenuity may 


take occaſion to think of others. 
Fig. 145. Firſt then, let the Pendulum be A B, to which ar 


right Angles join the little arm A C, and let the upper wheel, 


or toothed Cylinder be D E, which being turn'd abour draws 
with it another little arm D C, made faſt in the baſe of its Cy- 
linder near the circumference being rourd in the middle, and 
with a'{mooth- pin, fo that the little arm may be freely mo- 
ved about this pin, and conſequently while *tis turn'd abour 
che Cylinder, or wheel D, the little arm D C may be deprets'd,. 
or bore down, which conjoin in C with another lice arm, 
and the angle C being inlarged. will ſuddainly cauſe the lance 
of the Pendulum A B to be lifted up, which is join'd in A to 
the wood I L from whence being ſuſpended *tis derain'd, bur 
nevertheleſs it freely turns abour the ſmooth: pin A faſtned ro 
the wood ; then ſome ſufficient weight being added: ro the 
lower wheel G, from this motion follows the motion of the 
wheel above it F, and this being in the middle ( as it is wont 
to be in Clocks ) turns about the uppermoſt wheel E D, which 
drawing with it the little arm of the pendulum, the fame im- 
prints a motion to the pendulum, as long as there is new 
rope which ſuſtains the weight annext to the wheel beneath, 
or lowelt wheel. 

Note, inſtead of the Cylinder, or little whcel D E, you may 
fit a toothed Cylinder having a crooked handle, which will 
lay hold on, and turn about the little arm DC, ſuch as is the 
Cylinder M. 

Note alſo, by how much leſter the proportion of the diame- 
cer of the line wheel D ſhall be ro the arm A C, fo much lef- 
{er will the arches be that are deſcribed by the motion of the 
pendulum A B. 

Fig. 147. In the ſecond place ler the pendulum A B be 
movably tixt in A, in its lance faſten the arm M G, which may 
ealily run ſometimes into this, ſometimes into that part, and 
ſuſtain it parallel ro the horizon ; from the middle part of the 
{ame arm M G ſtretch out wood. or iron like a little forks, or 
two tecth, made hullow, ſticking-our as at L,. which in its Ca- 
vity or clett admits the palley Ek F, immovable and. in an ob- 
{tigue lite pur Into the axis CD, let this kind of axis be fur- 
niſh! with a twathed Cyilader, Which Will be turn'd about by 

the 
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the wheel N, by means of the weight Þ being added to it, or 
by means of other wheels, as you pleaſe : The Engin being 
diſpoſed in this manner, while the axis I H is turn'd about of 
the lower wheel ; in like manner the middle axis C D is 
turn'd about by the toothed Cylinder, and with it the little 
pulley E F, which ſince it obtains an oblique ſite, ir cauſes the 
arm GM, into which it is put to run to and tro, and moves 
the pendulum A B. 

Fig. 148. Thirdly, Suppoſe the pendulum D B, hanging 
from the arm A C, immovably fixt in C, and ler the lance of 
the pendulum be ſtrercht our ſomewhat above the point A, 
trom whence 'tis ſuſpended, to wit, in D; then fit the axis 
E F, ſuſtain'd in the middle by the arm F, to which join the 
roathed Cylinder L, and ler this axis be ſtretched out through 
the hole of the arm F rowards A. Laſtly, in-the extream part 
Of it near A, let it be furniſh with a concave Cylinder, and 
being cur oblique, ſo that che ſeRtion G D make an Ellipric fi- 
gure ; the Point A from whence the lance of the pendulum is 
{uſpended, mutt be in the ſame horizontal right line with the 
axis E F, and with the arm AC; moreover it ought ro be 

reciſely in the centre of the ſame tection G D, although 
beak of the cavity of the Cylinder the point of hanging re- 
mains tree in the air. 

Then while the to.xched Cylinder L is turn'd round together 
with the axis E F, the Cylinder DG is rurn'd all under one, 
whoſe extream or end being an oblique Section, hitting againſt 
the lance of the Perdulum ir unites a motion like to the pre- 
cedent. | 

Fig. 149. Fourthly, ler the Pendulum be A B, whoſe axis 
A C carries with it two toorhed Cylinders D and E, which in 
like manner here and there, lay hold on the twoth.d whecl 
D E, but with interrupted teeth, ſo that while one Cylinder 
lays hold on the wheel on one. part, the other Cylinder lycs 
upon the oppolite part of the whecl which wants tcerh, ard 
therefore the whole wheel ought to be divided into many rows 
of teeth in 7n odd number, and 'tis convenient to make cach 
raw of three teeth, and berween one and the other row, a 
ſpace of teeth left vacant, as much as 1s oCCupicd by three 
teeth; ſo as often as the weight ſhall be hung to the lower 
wheel H K, this being turn'd about, will move the toothed 
Cylinder F, which being ia the migdle, will move the _ 
al 
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ſaid toothed wheel, which biting the toothed Cylinders D, E, 
one after another, ſfomiimes on one, ſomrtimes on the other 
Oppoſit part, will move in like manner the pendulum A B a!- 
ternately, 

And as in the foreſaid Engins, each vibration of the pendu- 
Iam is made in adetermined part of time ; to wit, in one ſecond 
minute, or in 20 third minute, ec. the proportion of the wheels 
and of their teeth muſt be obſerved, as in this laſt Engin, if we 
would compoſe each vibration of the pendulum to anſwer one 
ſecond minute; in the wheel D E, diſpoſe 25 rows of teeth 
with as many vacant ſpaces between, the Cylinder F muſt be 
furniſht with 8 teeth, the wheel H K muſt have 96 teeth, the 
Cylinder G likewiſe conlifts of 8 teeth, beneath which will be 
another wheel of 96 teeth, ro which hang a weight ; for in this 
manner 3600 compound vibrations will be made in each hour, 
each whereof will be equal to one ſecond minute; then make 
fit the weight hung to the lowermoft wheel, with the length 
and weight of the pendulum A B, in ſuch manner, that the 
lower wheel be once turn'd about in an hour preciſely, for ſo 
it will come to paſs that the Cylinder G will be turned 12 turns, 
and the Cylinder F, together with the wheel D E 144 turns, 
and at laſt the pendulum will finiſh 3600 compound vibra- 
tions, 

Inſtead of the wheel DE of diſcontinued teeth, you may 
uſe a toothed wheel common to Clocks, if inſtead of the Cy- 
linder of teeth, laying hold on it, you aſe rwo little handles, . 
which by turns ſhall urge and move forward thoſe teeth of the 
wheel, by laying hold of them. 

Inventions of this kind are excellent, not only in being ſcr- 
viceable in continuing the motion ot the pendulum, bur alſo 
in making of Clocks moſt exact as is obvious to every conſide- 
rate perſon ; which Engins or Clocks have this utility and con- 
veniency, that they ſcarce make any noiſe in their motion, 
ſince the pendulum is inſtead of a Ballance, which in common 


Clocks cannot agitate without noiſe. 


Problem 
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Problem. XVII. 


To make a Clock to ſhew the hours on both ſides, after a new 
method, uhich by a weight hang to either of its fides pro- 
ſecutes its courſe, and the index of the Clock proceeds for- 
ward in both motions conſequently. 


He Author before cited teaches this Artifice : See the laſt 
Figure of the preceeding Problem, where we have raughr 
the mcthod of continuing the vibrations of a Pendulum ; for if 
you rightly underſtand the conſtruction of the Artitice of this 
Engin, "tis manifeſt from thence, that if, while the pzrpendicu- 
lar A B is agitated, the wheel K H ſuddenly changes its turn- 
ing about to the oppoſite part, that 1s, it begins to move to the 
right hand, when before it moved to the lett hand, the moti- 
on nevertheleſs of the perpendicular will in no wife be hin- 
dred; becauſe that in whatſoever place of its arch, the per- 
pendicular A B lays hold on unawares from its firſt acquired 
impetus, it will continue the fame vibration ; but for the follow- 
ing vibration, ir will have the favoring impulſe to it felf, for as 
much as the parity of the reft is the motion inſtitured by the 
wheels in this, or that parr. 
The ſame may be obtained other ways, as is explained in the 
foregoing Problem, bur chiefly by the Figures 146 and 148, but 
ver cafier by application of a Pendulum, which we have taught at 
Problem 5 ; ir only remains then thar an index be applied fo, 
that although the turning of the wheels be made on the oppol:r 
part, yet it always proceeds forward in the ſame part. 
Fig. 150. Let the axis A B be continually movable roge- 
ther, with the roothed Tympane B, firmly adhearing to the ax- 
is, which forces the wheels of the Clock on both tides co this, 
or that part. | h | 
In the firſt place, fix on the ſame axis, rwo wheels with fin- 
gers, or Claws, within which {mooth holes being bored in the 
centre, and the axis being ſmooth will move freely ; moreover 
put upon the axis rwo other Cylindri:s G H, and I K, with 
{1w-like recth or Jags, each whereof muſt be firmly put jato 
the axis, and turnable together with ir, the 1ags of thele wheels 
bend to the oppoſtt parts, and are ſtifncd in the oppotit parts by 
wedges,Qr little peſtles C G, E 1, cach of which is turnifhe with 
a little 
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a little prefſing wing in preſſing its power, that the pins berg- 
ing forward to the Jags, admit the motion withour much re- 
filtance, and theſe pins are conveyed by the finger'd wheels 
CD, and EF, to which are fixt ſmooth little pins holding 
them at liberty ; laſtly, to the two finger'd wheels. there mut! 
be added a third C E movable with the axis L M, ard its fin-- 
gers folding in both the fingers of the viheels C D ard E F, ir 
may be expedient that the wheel CE referrs to another fite, 
co wit, vertical, ( it neccflity require 1t ) the circle of the wheel 
being put in points deſigned. 

Therefore the Tympane B with the axis and jag wheels G 
H, I K fixtin it, are turn'd in either part, for pretently either 
of the jag wheels will be bound by irs bar or pin, and render 
ics finger as it were continual, which with the axis leads ir 
with it ſelf, and the wheel C E together ; and becaule this in- 
folds its fingers with the other wheels, it impells it bur in the op- 
pofit part,in which irs bar or peſtle hinders nor, in as much as the 
oppolit jags, holding the former and admitting the motion on 
that part; now it the Tympane B change its turning to the 
oppolit, then that which was firſt hindred by the peſtle or bar 
will be looſed, but that which was looſe lays hold on his jag- 
ged whecl, which then tirtt begins ro move in the ſame part, 
in which his finger'd wheel moved before, and fince the fin- 
ger'd motion 1s the fame now as before, becauſe continued in 
the ſame part, therefore the motion will be continued, and the 
half of the Fingers CE ; to which therefore an hour index be- 
ing fited, will always move forward into the {ame part whi- 
therſoever the Tympane B with the whole Dial is carried. 

Note, Firſt, That the wheel C E advancing aiways inthis or 
that part, depends on the jaggs or f{aw-like tcerh, reciprocally 
inclining, and turning towards this or that part, whence it 
the fire of both of them be changed by inverting buth the jag 
wheels, and the other face being applyed to its tinger'd wheel 
(the peſtles or bars of the Jags being allo changed ) the moti- 
on of the wheel C E will be likewiſe changed. 

Secondly, it the wheel C E be led about by the hard in that 
part in which ic was fiſt impelled by the fingers C D, and IL 
F, buth thoſe tingers will be moved, bur the axis with the faw- 
Jike teeth wheel, refteth by force of this Conſtruction if ©9- 
thing colte hinders, and may in the interim be turned 11 this or 
that part, While "Us not moved ſooner (lian the axis L AI. 
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irdly, but if you will lead about the wheel C E by the hand: 
in the oppoſite part, and not in it which it was decreed to more, 
no motion at all will follow, but the whole ſyſtem will be firm, 
and will ſtick, ſo. thar the reſiſtance of the hand detaining the 
wheel excecdeth, *tis necellary to apply a- proportionate pow- 
cr to the tympane B on each part of it, which is no leſs a Pa- 
radox than the former ; this conſtruction extends it {elf ro ma- 
ny other Problems of motion, as the deducing the librating mo- 
tion into Circular, to:the recalling whatſoever irregular motion: 
oa well order'd Circular, ec. as will appear in what follows, 


Problem. XVIII. 
The Tydraulic Clock of Father Bettinus. 


His kind of Clock is indeed very ingenious, and the jin- 
vention of Father Bettinus, and afterwards increaſt ard 
enlarged in many things by Father E/chin1rdus, of whofe work 
a:io I have often obſerved not without great pleaſure of mind. 
the like Engin made in the Roman College, which performed 
the effect beſt of any : Therefore leſt our work ſhould want 
ſomewhat of thoſe things which {cert moſt of Ingenuity, we 
have tran(lated. this from Bettinas.. 


The eutward Artifice of the 1our Tympane. 


Fig. 151, You fee the expreſs form of the Tympane con- 
veyed from the axis through the centre, whote apparent Pole 
is H, and the other pole not apparent, and of the chord I K L 
MN Þ, whoſe rwo ends are fixt in I, ard the little pulley K 
{if you pleaſe of Braſs) with a ſmall weight firetching our the 
rope lizhtly, that beyond L it adhcres about the occult pole : 
Bur the great wezght under the pulley N while the rope en- 
deavours tO draw: the chafed axis, ard as it were toothed, at- 
rerwards moves the Tympane together with the Tympane and 
the number 4 «a{ccnds,-and after the Tympane movable pieces 
either of wogd or iron toothed, whoſe form and art we wil! 
ew iercafter, and forme ſuch you fre Q,, R, while they hit 
aZainſt the movable ard charging plate of mettal S, it Con- 
eos ihe bandks TV X, being drawn together they raiſe the 
Mite hammer on the 1.de of the little Bell Y to firike the 
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The art of changing the numbers in the hole, where 4, 
it were, lies hid under the circular plane, as alſo the art of ſ&- 


ting at liberty the teeth under the plane of the oppoſite Tym- 
pane, we will ſhew hereafter. 


Sett. II. 
The inward artifice of the Tympane. 


Fig. Ne of the circular planes being drawn aſide the Tym- 
L522. pane immediately ſhuts, and that on the other part 0- 
pens,as You {ce in the figure annext; behold there appears to you 
the ſuperticies of two concentric cylinders ABC, DEF with- 
in the Tympane, within the concave of the lefſer the ſtays or 
props are G, H, in whoſe holes the axis of the Tympane is put, 
within the convex of the leffer, and the concave of the grea- 
rer is the plane K, which is join'd ro the cylindric ſuperticies, 
and to the circular planes ſhutting the Tympane ; through the 
little hole I of the ſmall plane I K paſſes water ro run, when 
the Engin is moved by force of the weight, and deſcending in 
C, the water is preſt by the plane KT. 

Therefore while the rope about the little toothed wheel, at- 
ter H by the force of the weight weighing down to the parts 
beholding the left hand as F E, thruſt through G, H turns the 
axis together with the Engin, and the plane K I deſcends and 
hits againſt the water, and preiles it towards the parts behold- 
ing the right hand as MA ; in the mean while the water 
trickles down through the hole, and by little and little the 
plane KIT intercepts the middle between the water, until the 
water running between more and more through the hole 1, 
and the plane KI aſcending to the parts towards A D ( or be- 
holding the right hand ) moſt part of the water which flows 
beneath the plane increaſes the force of the weight hanging a- 
bout the axis H, and cauſeth the plane K I which now is idle 
in the parts A D with a little water ( which ir hath not as yet 
deeply flowing above it ſelf ) at length 'ris rurn'd by A D with 
a \wifrer motion towards C ( or to the parts beholding the left 
hand ) and from thence it deſcends again and the waicr pret- 
ſeth, which again flows through the hole, ec. and fo perperu- 
ally by curns the Engin is turned, the Orb compleating a rotation 
ONCe 1n each hour, 
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The art is, that the dropping of the water continue an whole 
hour, whiles that after a: {ſow and infſenfible motion of the En- 
gin for an hour, unexpeRcdly the Engin turns, in the begin- 
ning of the dropping ; in which revolution the hour is ſtruck 
on the back part of the Tympane, but in the forepart the note 
or figure ſhewing the hour on the dial plate is Changed, 


Seth. 1: 


An eaſy and moſt ingenious Art, whereby the number of hours 
are always changed, and alſo the hours are ſtruck in the 
hour Tympane without the artifice of other vulgar mevzrs. 


Fig. HE invention of which ſtriking and changing you 
I'52. ſhall have here in a double figure : And firſt, that 
which belongs to the changing of the numbers ſhewing the 
hours ; ſuppoſe on the fore part of the ſhut Tympane, the plane 
to be drawn aſide with the ircloſed little boards. 

The circle AB CD expoſes to the eye that plane on the fore 
part, to which is affixt in E and F the Hexagon plane, leflened 
in on ſide PQ a half part of one of the other ſides ; and that 
Exagon is the excentric to the circle A B CD, having a hole G 
common With the circle ( which is the centre of the circle ) 
in which the axis of the Tympane is conveyed through. The 
hole under A is that, under which the number of the hour 
Indexes appear on the other part in the little boards, which 
muſt be noted in the hinder part of the little boards, but in 
the figure for plainneſs they are noted in the face apparent to 
the eye ; you lee thoſe little boards joined to little thin plates 
of mettal with corners, the ends whercof are movable abour 
the fxr little pins within the little boards. 

The outward form of the art you have in the ſcperate H, and at 
land K ; imagine then the little board H to be in his place be- 
tween I K, ard to ſtand upon the fide P Q, which is oply hi to 
receive ore little board, the other Ces being large enough tor 
two, a3 you ſte in the Figure; then while H between I K 
thews the number ( which you muit conceive on the other part ) 
ot t}.c ticit hour through the hole A, and the circle AB CD is 
turned with the Tympane lowly fuppole rowards A, the little 
boirds y, 8 fr themiclves to the ide ML, and 6, 5, to the 
lde Lk, 4, 3, to the fide R Q, ard by realon of the obliqui- 
ty, 
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ty, the little board H being removed from the fide PQ, in its 
place ſucceeds 2, and ſhew's ir felt under a form. Moreover H 
and 12 fir themſelves to the tide P N, 11 and 10, to the fide 
MN; 9 and 8, hang down beneath LM, and 8 ſucceeds in 
the place of the middle 7 hanging down, ©. and three always: 
hang down without, and-beneat}; one fide as you fee 6, 7, 8, 
beneath M L ; and by this inger. ious, ealy, imple, and won- 
derful art the little boards change by turns, and one after ano- 
ther they ſhew the hours, the number ct hours being, inſcribed 
under an open bright hole. 

Fig. 154. Burt that which bclongs to the ſtriking of the 
hours is thus; ſuppoſe on the back part of the thur Tympane, 
the plane being drawn aſide with the incloted roothed little 
boards, that plane on the inner part expoſed to the eye is repre- 
ſented by the circle ST, ro which is afhixt in V X a pentago- 
nal plan? excentric in the circle S$ T, having a common ſquare 
hole ( which is the centre of the circle ) in which the axis of 
the Tympane is put through ; there are 6 little boards quadran- 
gular with reeth ( according to the number of hours to be 
{truck having baſes ſomewhat leſs than the tides of the Penta- 
gon, and they are made falt by the corners with thin plates of 
mettal movable about the ends as you ſee in the Figure, and as is 
done in the little boards of the hour indices in the antecedent 
Circle. 

That you may underſland the form and art the better, you 
have fer a part Z, ſuppoſe the thin place ( by whole impulſe 
the lictle hammer is led to ſtrike the hours ) to bein «, and the 
Circle in the Tympane to be turn'd from S towards 4 T, the lit- 
lic board B with 6 tecth or claws ſtriking againſt in a, ſounds 
{1x tinklings on the bell tor the hours, and preſently falls down 
bereath a; then B being oblique to the parts T, the little board 
d fits it ſelf to the fide e, and fo of the reſt in the Orb, as is 
{aid before of the limnle boards of the hour Indexes. 

And it muſt be noted and efttefted, that the little. boards 
with teeth of the circle ST, fo agree with the little boards of 
the Circle B D of the antecedent figure, that they ſtrike the 
hour, which' is prefently ſhown under the hole, the number 
of the little board in the circle B D being changed. 

Alſo you mult take care that the hour plate inſcribed in the 
firſt Figure, Section the Firſt, be diametrically oppoſit to the 
plane K L of the figure in 5/ion the lecond, through the hole 

of 


2D2Þ Mechamck Powers. Book IX. 


of whoſe plane th2 water trickles down ; and let the ſame hour 
plare be oppoſire to the little roothed board ſtriking the hour 
( not ſhew'd in the plate ) of the next following number, ſo 
thar when the ſhining hour eye is below the Horizon of the 
Iy9ors Diametrically oppoſit to the little Bell, and in that eye 
they number of the hour is changed, in the ſame moment the 
toothed little board ſtrikes the hour, which being changed the 
hour immediately appears above the Horizon. 

About the hole I, in the plane KT, through which the wa- 
ter flows on both parts above and beneath the plane K I, in 
the back convex of the Engin 2re two broad holes, through 
which the water is poured into the Tympane, and when 
need requires is preſently all taken out, and through the ſame 
holes appears the leſſer hole I, in the plane K I, that ir may be 
looke after ifany thing hinders the running of the water through 
that little hole, and thoſe rwo greater holes on the back part 
of the Tympame, may cafily be ſhut and open'd by two braſs 
thin plates athxc with wax, or other fit glue. 

And becauſe in the beginning of the hours the Tympane is 
rurned (lower, afterwards always ſwifter, becauſe of a letler re- 
fiftance of Water, therefore in one of rhe circular planes ſhut- 
ting the Tympane is pur a thin plate of lead in manner of an 
hook, decreating by little and lictle, c>c. 


Set, IV. 


Obſervations of Father Eſchinard, to be praftiſed in mating 
the foreſaid Engin. 


— Author learned in Experiments adviſes in the firſt place, 
that che Tympane be divided in four equal parts by Þ:- 
rallelograms of thin plates of mettral, one whereof ought ro be 
boared through with a ſmall hole, as is ſaid, bur each of the 
reſt are to be boared with a double hole much greater, one 
near the faſcia, the other near the inward axis of the Tym- 
pane ; for hence it will come to pals, that after the water 
hath paſt through by che ſmall hole in an hours time, then 
havinz obtain'd a treer paſlage, ir permits the veſſel to be 
rurn'd about with a ſwifter- motion, that in the interim thc 
hour may be ſhown by a ſign of the little Bell, or the nexr 
ellapſt, or the next ro come ; for unle(s the other thin plates 
| are 
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are made with greater holes, the Tympane will rather return 
than run forward ; wherefore likewife an ir:{trument may be - 
made divers ways for ftriking the bell, ro wit, by making it fo 
that thoſe points take up ſomewhat in their {wifter motion at- 
ter the manner of a Leaver, as is wont to be done 1n large 
Clocks with wheels, one end of which Leaver while ir falls 
down draws the thred to it ſelf, and raifes the hammer ; alio 
ſharp points fixt to the tables may be {ſo faſtned ro the hinder 
ſuperficies of the tables, that they may dire&tly bchold the 
Tympane, as alſo the centre of the Pentagon may be other- 
wiſe taken, &c. 

Secendly, The iron plates being waſht over with tin, corrupe 
preſently, unleſs it be fenced by ſome Sandarac, or varniſh, fir 
tor the buſineſs ; Copper cover'd over with tin, or tin only of 
it ſelf, fo that it be very thin, is beſt of all. 

Thirdly, Beware leſt the place of the ſmall hote be fo, that 
afrer ſome time the magnitude of the hole be changed. 

Fourthly, The Tympane muſt be 3 of one Palm ar Ieaf, 
both in length and breadth, for if it be lefs it will not ſuccecd 
ſo well. 

Fifthly, The moſt fir water he rakes to be rain water diftilPd, 
bur 1t the veſſel be made of glaſs, hor water will be better ; 
and the quantity cf water ought not to fill much leſs than half 
the Tympane, bur eſpecially ir ought ror ro come to the inner 
axis, wherefore' that axis will be the better, if it be made as 
(mall as pothble ; the other rkings ro be compared with ore a- 
nother are, the littleneſs of the hole, the quantity of water, 
and the force of weight ; bur chicfly you ought ro take care 
leſt thar hole be ſtopr, which ought ro be at leaſt as big as 
one arch. 

Sixt4!;, He denies that the thing may be done with Quick- 
filver initead of water, both becauſe it requires a greater hole 
ro flow our at, and therefore aifo a greater Tympane, as alſo 
becauſe is will paſs out moſt heavily ; laſtly, becauſe all metrtal 
corrodes, and therefore the Tympane ought to be glaſs, which 
will be diftculr ro be made: Alto he denies duſt, or fand, to 
be fir for that ſervice, fince it ought to paſs through a ſmall 
hole by being compreſt in the middle, which is done by thoſe 
thin plates of mettal, which cannot be obtain'd by duſt : ' He 
concludes, it any Liquor be found in which heat ard cold doth 
not govern, that is molt fir, fo it doth por corrnpt the matter of 
the Tyimpanc, Seven. 
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Seventhly, He aſſerts another fuch like Engin of his own com- 
poſing, wherein he hath made a perfc&t Hexagon in the axis 
for the Peniagon, and about it ſcven Tables are gathered to- 
gether in the fame manner 2s above, every one of which bears 
before it one of the ſeven Planets defcrib.d with its proper 
CharaCter. Laſtly, in the foremoſt face appears a Circular thin 
plate of mettal, but that for one Circular hole it hath fix, each 
being deſcribed upon with ſome coaleſtial Sign, beginning, 
viz. from Aries; then while the axis is tnrn'd about the 
Planets are moved to the Weſt, bur fo, that in every Cir- 
cumvolution they go back to another Sign placed after it in 
due order. 

Eighthiy, He teaches in what manner one Tympane, ſo it b« 
large, may ſuffice for ſtriking the quarters of houurs ; ſazs he, 
make a Vellel, which divide in 4 parts by 4 thin plates, and 
then divide it again, but in a contrary manner, that 1s, Ict it 
be cur by the plates in the Section which makes a circle, and 
rake away, as it were, + part of the vellcl, whence there will 
be, as it were, two Veſlels in the manner of one, then either of 
theſe will be divided in 4 parts ; the plates which divide the 
lefler Vellc] ought all ro be double in a place, to wit, nigh the 
faſcia, and nigh the axis, ro be opencd with large holes, and 
the plates of the greater veſi-l are boared double in a place, 
bur with an unlike hole, to wit, one nigh the Faſcia very 
ſmall, and the other the axis much greater ; for this is neccf- 
ſary ro communicate the air to every part cf the Veikl, other- 
Wiſe the water will not paſs frecly through the ſmall Lole ; 
laſtly, pur the water in fo to the Ictler veſſel thit it may almoſt 
couch the axis, but in the greater veſcl as little as may ; be for 
hence 1t comes to paſs, that when all the water in the grea- 
ter Vellel ſhall paſs through the firſt ſmall hole, before thar 
( ſince 'tis bur little ) the impediment of the ſccond thin piutcs 
hinders, in the mean while the Clock will be moved 1 iitcr, 
but becauſe this way it rather returns than goes forward, 
therefore 'tis reflrained by the water put in the leffer Vellel, 
which in the intcrim palles through -the great hole ; then 
while the Clock in this manner is moved, after every QGUuAr- 
ter of an hour it ſtrikes on the little Bells the number of Quar= 
ters clapft. 

Note this one thing diligently, viz. I:ft that flow motion be 
09 ſhore, as NnIt i (uthce tor the Briking of che Bells as oiten 
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as is required ; alſo note, that hence it neceſſarily happens, 
that the outer face of the Clock is a little changed ; for other: 
wiſe it will follow, that in the middle of the ſecond hour, the 
number of - the hour appears not longer, which evil we may ea- 
fily cure many Ways. | 

Hence he concludes, that this ſecond diviſion of the Tympane 
may alſo diſtinguiſh the Tympane for ſo many hours, for hence, 
ſays he, proceeds great benefit, for you may as you pleaſe make 
the motion more or leſs ſlower for ſtriking the bell;viz. if you pur 
more or leſs water into the leſſer veſſel, although you leave 
the greater veſſel untouchr ;| but in this caſe *cis ſufficient, if 
the greater veſſel only be divided with ſo many thin plates ; 
for the other plates are put only to reſtrain the too ſlow mo- 
tion, as is ſaid before. 

Ninthly, Becauſe thoſe things which are ſaid ſeem not fit ro 
the ſtriking of greater Bells, three veſlels are ro be made in 
this manner : Two of them mult be divided into 4 parts in the 
main, as is faid of the lefler veſſel for the quarter hours, the 
third muſt be alſo divided into 4. parts, but the ſame altoge- 
cher after the manner of the greater vellel for the quarters ; 
the water in the firſt two vellel is-put in as you pleaſe, bur 
the ſame muſt be obſerved as in the lefler veſlel for the Quar- 
ters; and in the third you muſt obſerve that which we have 
ſaid of the greater veſlel for the quarters : Bur now if td the 
end of every quarter the third veſſel {as is uſual in great clocks) 
lift up ſomewhat, ſo chart it being raiſed a free courſe is per- 
mitted to the other vellels, to wit, to one of thoſe in the end 
of the hour for ſtriking the hours, and the other to- every 
quarter for ſtriking the quarters, the thing will be accom- 

l1ſhr. 

, Tenthly, The foreſaid Clock hath this peculiar, that it makes 
no noiſe, nor the mation of the Ballance, nor the Wheels di- 
ſturbs not noEturnal reſt: Notwithſtanding if you would make 
uſe of it to rouze you from {ſleep ar an appointed time, you 
may eaſily do it, by taking all the teeth from the Tables, ex- 
cept one of them, which you muſt fix in ſuch place and or- 
der, that after che prefixt number of hours it may ſtrike on 
the bell, or make ſome other noiſe, as is wont in excited 
Clocks, of which we ſhall ſpeak bereafter : There are alſo 0- 
ther ways more eaſier, as if you uſe to it the percuthon of a 
weight, whereby one part of the equilibrated table depreiles a 
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Cliggut, ſomething ſallying out into the room, and you may 
encreaſe or diminiſh the percuſſion of the weight,.by making. 
a greater or leſſer hole in the other three plates, which have 
large holes for the ſwifter motion, &c. But it you add one 
wheel, you will find ſeveral eafy ways. 

The Author concludes, that hence all thoſe Engins may be 
ſupplied by a ſhort Compendium, which are nor wrought but 
by many Wheels, eſpecially in thoſe which want temperate 
motion. 

Moreover he adds many other things to equip this Engin, 
and, Firſt, he ſays, the veſſel may be fo accommodated in the 
outmoſt part, that ar what time the Clock is moved ſwittly, 
whether before or after the Strokes on the bell, little boards 
being placed, or ſuch like, as is wont in Hydraulic Organs, it 
will utter a conſort of muſick, either in ſome Cimbal, or on 
lictle Bells harmonically diſpoſed. 

Secondly, If the Clock be hung after the uſual manner to a 
wall, and to its fide, ſome plane table be made faſt to the wall 
through the length, that it be parallel ro the horizon, upon 
that rable may be placed the Sun in its courſe, a hidden ftring 
being drawn which tends rightly to the Clock, which may 
be drawn by the veſſcl in its circulation ; and- on the wall 
you may difpoſe in right order ( in the way through which 
the- Sun runs 4s courſe ) the heavenly houſes, whence each 
hour, a little Image poetically adorn'd appears, which ſhews 
the hour on the right hand next eclapft of the Sun, and: on the 
kft hand it leads ſome of the heavenly Signs, or ſome ſign of 
the Zoliack addited to that houſe, &c. thus thoſe little Ima- 
ges will appear every one to his time ; put croſs in the way 
by which the Sun paſſes, ſome little board, ſo that when the 
courſe of the Sun being moved by the {wife motion of the 
Clock, being carried in its courſe, it hits againſt one end of 
the lictle board ; which if the little board be placed in man- 
ner of a leaver, it may fo be accommodated that while orc 
of its ends is drawn, by the ſervice of the other end with ſome 
ſtring added to i, the little image is brought forth to the Sun, 
and there kfr. 

Thirdly, Beltdes that heavenly motion, that number which 
ſhews the hour next elapſt may be ſo accommodated, that the 
tame fite and face may ſerve, as well in its Apogeon, as in its 
accent and deſcent, to wit, if. there be put to the little plate 
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on one of its parts ſome tin, a little heavier,being ſo affixt to each 
table, that ir may moſt eaſily be turned about its centre. 

Fourthly, Almoſt in che fame manner, in thar circular ſuper- 
ficies whoſe half part always appears divers ſmall Images may be 
athxt, ſo thar they always remain aright, by means of Tin, or 
ſome other heavy thing added to their feet; and in going for- 
ward they may ſhew the quarter hours, ec. 

Hitherto we have added no Wheel, bur if we add one or 
£wo, you will attain many fine effefs. Firſt, a toothed wheel 
may be ſo placed on the vellel, that its axis may fall right 6n 
it, and on the extream circumference of the veſſel many iron. 
ſtiles may be pur, which while the veſſel is turn'd about they 
move the overthwart wheel placed above, by hitting again{t 
its teeth, moreover you may conſtitute a Loag-ſtone on parc 
of the wheel placed above ; now if you faſten an Image with 
a wyre, With an iron ſtile in it hands, according to the motion 
of the Load-ſtone, it will ſhew the hour, &c. 


Problem. XIX. 


To make the Indexes of Clocks, fo that they ſhall deſeribe 
not only Circular, but any other Figures by their motion. 


T* any one would adorn the Index of a Clock with the 
Arms of ſome Prince, or City, to diſpoſe it in the form of 
a ſhield, of a heart, of a croſs, &c. ſo that the ſame being artifi- 
cially made, or a ſmall image, or any other fign performing 
the office of an Index, the numbers of the hours being in- 
{ſcribed on the parts of its figure, in whatſvever order they 
are diſpoſed in, it will ſhew ſucceſſively ; or that an Eagle 
with its bill, or a Lion with its tongue, ec. There are divers 
Arrificers in Father Scbortus Technicay Book 9, Chap. 5. the moſt 
uſeful whereof we will here impart. 

Fig. 155. To deſcribe the moſt difficult figures of moving 
Indexes afſume the artifice of a Parallelogram made in this man- 
ner : Fir, of ſolid matter, viz. of iron make four rules A H, 
AK, KL, HM, which in the points A, H, C, K, fo join with 
curious {mall pins, that the ſquare may freely be ſtretched 
wider, or Contrafted narrower ; then to thoſe portions or 
parts ſtanding our on each fide CL, CM, join by the fame ar- 
Gg 2 tihce 
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tice as many: more rules, - but ſhorter, and if you will, decrea- 
fing in the fame proportion, and in the conneCting or joyning 
points, freely turning. 

Secendly,, On that face of the: Index that lies hid towards the 
Clock, conceive a' hidden toothed wheel CDEFGB, to wir, 
ſq as thofe Indexes thar are wont commonly to rurn once in 12 
or 24 hours, in this being made hollow, or any other way 
fieted,: uriderſtand a little Channel A C, fo that within it a 
little nail, or pin C, may be pur ſticking out from the Paralle- 
logram towards the Wheel, and may run to and again, this way 
and rhar way, without 'refiſtance. : | 
. Thirdly, Fix a ſmall pi A in the Center of the toothed 
Wheel, and then-between it and the other little pin C, which 
ought to run irsthe little channel or groove, a Spring, or ſome 
impulting Spire, being pur between by a Wyer of a competent 
thickneſs-in the. manner of a wreathed Cylinder ſcrew, draw- 
ing aſide as much as is requia{t the lictle pin C, from the other 
fixr pin A ;. which Spire perhaps may more conveniently be 
made of a Serpentine plate drawn and bowed.. 

Fourthly, Propoſe now :any figure: which you would have 
the hour. index deſcribe with its *point; ſuppoſe a Hexagon, 

figure of-ſix fides : Cut then- in the plane of the. Index a {ix 
[ded hole CDEFGB, whoſe Center is A. 

Fifthly, Upon the whole Parallelogram, and the hole rhar is 
Cut, place ſome figure, as of an Eagle, or a Dragon, e*c. fo 
that irs heck touch the -rexture-of the - Parallelogram and hide 
it, and' the other part,oP the body be ſpread over to the hole 
that is-cut ; Moreover-that Parallelogram being wove in the 
neck of the figure by more of the ſame Rules placed: between, 
in the likeneſs of. a net, and move artificially. after the manner 
of feathers, or the Scales of a fiſh, &c. 

The hour Wheel then intereepting the pin C in its groove, 
carries it a long with it ;, and: this. ffom'the drawing preſſing 
piate placed berween A G,: and the eur. | Sexargular -hole, 01 
included berween other limits,' will-canfe the Eagle, having: a 
crown.crols or ſtar on its head; or a Dragon with. his tongue o: 
{ting, to. deſcribe the ſame figure, and to ſhew the hours de- 
{cribed in its limb. | = - 

In the deſcribing of other fgures, - as-of 'a heart; a roſe, a 
ſhicld, ec. the Induſtrious will tind- ir ealy ; another motion 
may calily be given over and-above, to a Lyon, an Eagle, or a 

| Dragon, 
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Dragon, &*c.. that this ſpread his Tail, thar toſs its-Spires, tle 
other open its wings, &*c. and that cither by the {ame arritice, 
or otherwiſe. 


Problem. XX. 
To perform the ſame more Compendiouſly. 
\ Lthough the foreſaid Artifice 1s univerſal, and exterds it: 


ſelf tro many figures, yet this preſent Propoſition may be 
reduced to practice, with leſs charge and trouble, eſpecially - 
to the eaſier ; as Ellipſes and Polygons, and moreover may be - 
applied to other Paradoxical affections. 

Fig. 156. Let ABC be a rod of metral, having a- round 
hole in A, but in C where it bends, it ends in a little ring, or 
other erect hole C E, through which palles another rod DEF, , 
which bending in the like little ring F B, and. in like man-- 
ner made-faſt tro the former rod, and clole or touch each other 
fo. lightly, that they are carried on one Within the other to + 
and fro freely ; in the end D is made an arrow, a little Star, . 
or Other ſuch like ſhewing Apex. . 

Secondly, Underſtand in that plane in which the number of ” 
hours are inſcribed ſome figure, viz. a Square to be deſcribed 
GHIK, and nigh to its deſ1gnation cut a Channel'or groove of * 
any depth, and its breadth, fo that ſtanding out-from- the luctle. 
ring it may receive the point B,. that it may run freely 'in its. 
Channel. . RE 

Being placed then, and fixt to the hole A in the Centre of ' 
the quadratre, and to the ſtyle B in the ſame cavity, if- this 
whole joining together of the Index.in the point. A be turn'd 
abour by the Axis of ſome Wheel, or led abour circularly any 
other way, the end D muſt needs deſcribe a Square 'figyre, or 
another after the ſame manner, as is the Channel-in which» the 
ſtyle B is led:abour.. 

Note, Firſt, the fame Inſtrument: may. be more ingeniouſly 
made of two rules, in one of which a little channel: is drawn 
out in length,. and the curſor runs to and fro-in the. other by 
turns ; but the Artifice may. be fo cover'd, that.the 'concrattion 
and diſtenſion of the rules cannot ealily be noted, in producing 
the rule DEF beyond the ccnice Az, &e. Secondly, If between 
the. 
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the rings E and F you put a wire, or 4 divided plate of mettal, 
it will not be neceſfary ro hollow ir in the plane, bur only cut ir 
out from the thicker plane being laid upon the other, or by 
the rules thar frame the Poligon. 

It you atfet Paradoxes, hence you may eaſily deduce, Fir/?, 
that by the continual drawing and revolution of one and the 
ſame common compaſs, you may deſcribe a triangle quadrate, 
ec. for if one foot of the Compaſs be fixt in the hole A, and 
and the other firmly lay hold on the Style E ſticking our, and 
being led about by the compaſs, the ſtyle will deſcribe ſuch a- 
nother Figure D, ard was the lictle hollowed Channel, or ano- 
ther ſuppoſed plane terminated by acertain figure. 

Secondly, If you would deſcribe a circle by the ſame opening 
of the compaſles, and not from the Centre of the Circle, you 
may do it almoſt in the ſame manner, which doth nor require 
chat the point A with the foor of the Compals be in che mid- 
dle of the figure, as is manifeſt. 

Thirdly, you will increaſe the admiration, if you add the 
deſcribing a Triangle, a Square, an Ellipſes, ec. greater or 
leſſer, with one opening of the Compaſles, and you may effect 
it thus; Produce the length DE F towards A, and let the little 
ring or Curſor B F, have a ſcrew, or turning joint in F, that 
the compaſles remaining at the ſame diſtance, and only the 
relique DEF being drawn from, or irtruded from all the reſt, 
and the foreſaid turning joint may be faſtned in F: More may 
be added by the Ingenious. 


RD ——— cc  - 


Problem. XXII. 


To make aud incite a Chronometric Index to an Elliptic 
figure, by a certain and peculiar method. 


| Lthough both the forefſaid Artifices ſerves to deſcribe 

Ellipſes, yet the Author adds another, taken from a pe- 
culiar Geometrical Inſtrument of Guido-vbaldus, or rather de- 
duced from the ſame foundation. 

Fig. 157. Three planes, or thin plates, are to be conceived, 
the firſt is of an indefinice figure, which is deſcribed by the 
Elliptic Index ABC D, this is boared through in the middle 
in the round hole HEFG, and moreover cut in with four llits 
at 
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at right angles which are TE, KF, LG, MH, and join'd to- 
gether with a round hole, the length of the flics is as much as 
the Semidiamzter of the hole. 

The other Plate P L is circular, which hath on that part ſome 
Index which is laid open ro the view of Spectators, being pur 
upon the former ſlits, and therefore rouches the foreſaid hole 
of the former plate. 

The third plane of the orb is IK L M, touching the ſame 
Hole on the other part of the middle, and of the ſlits of the 
plate, and this therefore lies hid all within ; its Centre is the 
fame with the Centre of the round hole, and ir hath Glued or 
Soldred to it, two Segments above and below the Centre, be- 
ing cut through by a circle on its Periphery, that perfe&ly hills 
che fides of the hole, and razes while they turn within the 
hollow of it ; the thickneſs of theſe Segments is the fame asthe 
ſlits of the plate, with which they are therefore equal and alike. 

The conſpicuous Orb P L hath its Centre in thar point, 
which is poſited in the Periphery of the Segment H E, Glued to 
the hidden orb MIKL ; Inthispointa hole is made through each 
orb, to wit,the conſpicuous PL, and the occult M IKL,to which 
hole afterwards a ſmooth little pin is put,to Join each orb freely. 

In the conſpicuous orb P L on one face which beholds the 
middle, or lit plate, are fixt rwo little round nails I and N, 
of the ſame thickneſs as the breadth of the ſlits, within which 
they ought to run to and fro moſt freely ; the length or heighc 
of the little nails or pins is the ſame as the thickneſs of the ſlits, 
and the plates, or ſomewhar leſſer, leſt thy touch the occulrt orb 
through thoſe ſlits, and raze it in the motion ; they are diſtant 
from each other the interval I N, equal. to the diameter of the 
hole. 

In the inner and occult orb make the hole R ſomewhere, 
into which enter ſome little nail ſticking out for that end inthe 
diurnal Wheel of the Clock, whether it be turn'd once in 12 
or 24 hours, the Centre of which Wheel ought exaGtly to an- 
{wer to the centre N of the hole HE FG.and allo of the occule 
orb IKLM; the diſtance of the hole R, and of the little Nail 
anſwering it, will be the,ſame vis. RN; it is the ſame, if in the 
diurnal Wheel of the Clock a hole be borcd through, and in 
the point R of the orb a little pin anſwering it be fixt. 

The foreſaid pin then heing entred in the hole R, will cauſe 
the occult orb IK LM to move about, being laid hold on 


by 
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by the Wheel of the Clock, and will carry it forward from 
R rowards M,; ard at the ſame time a hand being formed, a 
Lily, the Sun, or tuch like, the Index Þ will proceed for- 
ward to the oppotlit part, and by its apex deſCtibe the Flliplis 
ABCD, to which hours unequal ſpaces are deſcribed diſtin&- 
ly, which nevertheleſs are finiſht in equal time, to wit, hourly, 
by the Index. 

Since the conſpicuous orb P L, on this face, on which 'tis 
beheld, is altogether plane and whole, you may for ornament 
inſcribe on it, either the Effigies of the 57 Planets, or the 
figures of the 12 Signs, which indeed have no other uſe, than 
that they are turned about wonderfully ro and fro with the 
: orb, that he that is ignorant of the ſtructure, and its make, 
can hardly conceive it, becauſe that the orb is moved with a 
double motion, one by which its Centre E is carried circularly 
about to the Periphery of the hole EFGH, and the other 
Eliipric, whereby the other parts of the orb are carried. 

The Internal F H berween the two Segments is therefore 
Icft, thar the lictle nails I and N may pals in a right motion 
through it diametrically oppoſit without obſtruftion from one 
lit to the other. See Guidubaldus i» the Demonſtration of the 
Planiſphere, and Berttinus bis Comments on the 28th. Propoſition of 
the 6th. Element of Euclid. 


——— 


Problem. XXII. 


TD —— 


' Divers ways to make a right lined Index to ſhew the hours,or 
quarters of hours, by a right motion, aud then to return 


back again. 


Fig. r58-N b a plane Wheel ABCDEF, whoſe middle 
hi 6.3 part DEFA is furniſhe with teeth, but none 
in the other parts, the axis A G H D lies directly over, or upon 
the Centre, or diameter of this Wheel, carrying two toothed 
Tympanes A and D, alſo two toothed Wheels G and H, which 
« all firmly adhere to the axis A D: Thirdly, make the Oblong 
IK LM, three of its {ides being of Solid mettal, and the fourth 
'K Mis cloſed by the figure of the Sun, or any other ſign, mov- 
ng forward by a right lined Index, which nevertheleſs may 
be placed moſt conveniently in the middle of the _— ; 
Fourt bly, 


UMI 
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Fourthly, to the two longer ſides I K and LM, make the teeth 
of the Wheels G and H to agree to the teeth of the other, viz. 
to the face of thoſe ſides which the Wheels G and H behold 
and touch, for that oblong is conceived to lie upon the Wheel 
G and H, and theſe ro cover over the ſides IK and L M. 

The half roothed Wheel moving then in the firſt place from 
A towards B, will move the Axis AD, with the Tympanes 
and Wheels in the ſecond motion, with which in like manner 
is Carried on the oblong with the Sun K M from K towards B; 
and the length of the fides I K, LM of teeth ought to be in 
the ſame ratio to the Wheels G and H, as the Semiperiphery 
DEFA to the Tympane A or D equal to it; Secondly, and 
becauſe the plain Wheel is furniſht with tceth only in the 
middle part, which begins to impel the Tympane A Firſt with 
its teeth, . the Tympane D oppoſite to it is hindred by none, 
much leſs when the whole axis and Wheels are turned, and by 
an unanimous conſent both wheels G and H the {ides of the 
oblong, are ſo long forc'd forward by an uniform motion, as 
the channel'd Cylinder A is impelled ; Thirdly, when firſt the 
roothed Semicircle approaches ro the Tympane D, and begins 
ro ſer its teeth in it, in:the ſame moment the Tympane A is 
freed from the force of the teeth, and is turn'd to the oppoſite 
part, being led by the other ; from whence alſo the oblong 
removes the track out of the way to the oppolite part, as long 
as the toothed Semicircle torces, which it ought to perform 12 
or 24 hours, or, it you pleaſe, bur one hour : Feurthly, this 
whole artifice is hid beyond a certain table equal to the oblong 
ot the Index, which therefore is divided into 12 equal parts, 
or hours, and the number of the hours are deſciibed in a 
donble row, the uppermoſt of which from 1 to 12 ſhews the 
Aſtronomic hours trom Midnight to Noon, and the lower from 
Noon to Midnight, or otherwiſe. 

It may be done ealier, for the weight in the ſpace of time 
in its deſcent of the whole height, either in a plane vertically 
erected in fome place, the ſame horary intervals may be de- 
tigned ; and the fame perpendicular motion of the weights 
may eafily be tranilared into an horizontal one, by a Pulley pur 
berween, on which pur a ſmall chord, and bind it to the de- 
tcending weight ; or it you find that inconvenient, ft a Pulley, 
or Cylinder, in ſome Wheel of the Clock, meaſuring time 
by its motion, for a Chord being folded to the Cylinder 2c- 

Hh h cording 
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Cording to the various magnitude of the Pulley, or to the num. 
der of its revolutions made in an hour, will give divers horary 
ntervals in the plane deſigned on the Wall, or other plane of 
a competent length, in which, if you pleaſe, you may hide 
the Artifice, and within or behind the table of the righr lined 
Ind:x you may place a piece of load ſtone from the weight 
by the foreſaid litle chord to move forward ſlowly being 
looſe, and without the table, in the ſight of every one, may be 
moved by the hidden load-ftone an Iron gilt with the Sun, 
or Phaetcn driving a roſey Chariot, a Chamelion, or a kind of 


Sea filh, ec. 


Problem - XXIII. 


To Ffed the ſame another way more ingentous than the for- 
mer. 


Fig. ons the forefaid Author appoints in the firſt 

practice, that the toothed oblong forcing the In- 
dex, and lying hid behind the table, while 'tis conveyed to and 
fro of its own accord, requires another ſpace equal to the table 
to which it allows and: extends it ſelf : and in the latter way, 
whether he appoints ir by finite or perpetual Chords, he doth 
it either by attra&tion of ſmall Chords, or of the Index by a 
fmall chord, from whence *tis moved forward, therefore I have 
thought on the fullowing way whereby both thoſe detects 
may be remedied. 

Ler theretore the whole length of the table of the right 
lined Index be AB, or CD; take a chord, or finall rope, fix 
z1mes the Ic:gth of A B,and join the ends to wake it perpetual, 
25 EABFDCE; Pat this about two Pullics, or Cyli:ders E and 
F, moving freely about their Centers, fo that the {mall Chord 
pats occuitly under the upper border, or limb of the table A B, 
:nd of the lower C D; Secondly, let there be alfo ſome Index: 
»3 G, {C ated thac it may, move forward to and fro tnrough 
ne whole Irgith of the table freely, which may be done 
thus; f may run tO and fro. within two Iutle Channels, o: 
Zr00%cs, CT in the upper ard lower limb of the table, or by 
WO OL. muUniic Chords, or wyers, ſtrongly exter.ded ard 
hang 1 the lame limbs, and it ſtrains them lightly m_ irs 

vols. 
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looſe little holes, or rings, through which the chords are tranſ- 
mitted ; then the Index G will be moved forward in theſe 
channels, or wyers; perpetually by the little rope to and fro in 
this manner : Becauſe the perperual little chord is ſix times the 
length of A B, divide it into fix parts, as AB, BF, FD, DC, 
CE, E A; moreover in the three points of diviſion A, F, C, 
omiting one interval, or ſpace, bind or faſten juſt fo many in- 
forcing flexible obſtacles with this condition, that paſſing by 
the perpetual ſmall chord through the rwo looſe rings of the 
Index G, wiz. of the upper and lower, the obſtacle hitting 
againſt the ring of the Index moves forward the Index ; and 
the Index arriving and conſiſting at the extream ſide A C or 
B D, the obſtacle being drawn by the perpetual chord, never- 
cheleſs going forward pales through the little ring of the In- 
dex overcoming that ſmall matter of reſiſtance. To this end 
you muſt rake ſmall ſtalks cut off from the Quils of Birds, or 
Horſe, or Swine's hair, or the ſtrings of a wood-like White- 
thorn ; then theſe three obſtacles being conveyed overthwarr 
by the perpetual chord in the points A, PF, C, and fixt ; con- 
Ceive now one of the pullies E or F to be annext with ſome 
wheel of the Clock, 2s with the diurnal when you would 
have the Index to be of 12 or 24 hours, or with the hourly, 
or quarterly, e*c. if the Index ought ro be hourly, or of quar- 
ters : Let it be hourly, and either of the pulkes E or F tro move 
regularly circular by the hour wheel of the Clock from 
whence it will be incited, or by another perpetual chord, or 
by a toothed Wheel, &c. Ard make the motion of the 
Pulley, and of the perpetual ſmall Chord, furniſhrt with the ob- 
ſtacles, or ſmall ſtrings, or hairs, the upper from B to A, and 
the lower from C ro D. Underttand now the Index G, to be 
brought by the horſe hair, or other ſtring A, from BD to AC; 
Then becauſe the Index cannot pafs further, the horſe hair 
notwithſtanding being drawn by the perpetual chord, it will 
paſs through the ring of the Index, which it will lay hold on, 
and will paſs forwards towards E. Ar the ſame time the hair 
or ſtring C applies to the lower ring of the Index, and the In- 
dex being tree from the former hair A, draws it back with ir 
{elf from C rowards D, then the Index hitting againſt B D the 
Margent of the table, this lower hair will pats through its ring, 
in the mean while the other hair F is now found 2bove, which« 
Index that it may remove it forces away, and this reCIprocation 
Hh 2 Q« 
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of the Index enduresas long as the morion cf the Clock, if you 
diligently obſerve what follows. 

Eirſfs, Obſerve the Compendium in the beginning of this 
Problem ; for whatſoever 1s without the table A B C D of the 
Index, you will contract to a leſs ſpace, if you wind about the 
Pullies E and F once or twice thoſe portions A E C, and B FD: 
of the perpetual chord ; for in this manner thoſe Cylinders, 
or Pullies, muſt needs be moved near to the table of the Index, 
and always to its top, as the Centers of the Pullies E and F an- 
{wer to the extream limbs of the table A C and BD. 

Secondly, to continue that reciprocation of the Index wirh- 
our any error, you muſt rake grear care that the precedent 
obſtacle, or hair, paſs through its firſt ring, and leave it before 
the ſucceeding one fieze his, which you may ealily obtain if 
you do nor permit the Index to come to the extream terms A C 
and BD, but a hitle before it rouches them, *cis forc'd to ſtand 
ſtill, and is freed from the former mover, that the other com- 
ming too, which was. firſt difpatcht by the former obſtacle, 
may find out the Index, which will be done in a ſhort 
time. 

Thirdly, Becauſe at the firſt afpe& of this Index- you cannor 
know whether it goes forward or backward;therefore the thing 
may be ſo ordered, that one Index in going: may turn to the 
ſpeators a face of one colour, and the- other in retarning a: 
colour contrary to the former. If yet the number of hours or 
quarters above, be gone forward from A to B, and the lower 
from B C, it will be known preſently ar the firſt alpe&, whe- 
ther the Index goes forward or backward. 


—_— 


Problem XXIV. 


To make the ſame power which maves the hour Index to ſtrike 
the hours alſo. 


Ather Schcttus thinks it may be done by a ſpring, or tee} 
ſpire ;, for ſince each ſpire after this manner hath cwo ends, 
central and circumferential, one of which being drawn, each 
1cturns to the oppolit parts ; ſays he, one: end, viz. the Central, 
may force the Wheels of the Index, and the other the ltriking 
Wheels, or the Contrary z And he atfhcms that the irregulay 
tO1Cc- 
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force and reſiſtance of the ſpire may be made fit by the artifice 
delivered by us before, notwithſtanding this mult be diligently 
obſerved, that ſome certain time mult be appointed by the 
Artificer, wherein the Clock is to be drawn up, and then ac- 
cording to the: number of Pulſes of each hour the other looſe 
end will be made fit, the Cone of this other end forcing the 
chronometric Wheels ; But in this practice ſome difficulties 0C- 
cur, wheretfore I eſteem the following practiſes of the ſame 
Author more apr. 

Fig. 124. Firſt, therefore conceive in the Figures of Probl. 
24, the two Pullies A and B, to be fitted to the rwo whirling 
ſiſtems of the lower Wheels, that is, to their axes; one in- 
deed ro the Chronometric ſyſtems, or circumagent Index, 
and the other to the ſtrokes deſigned ; for 'tis manifeſt 
from the right underſtanding of hanging of weights, that 
one and the ſame weight D ſerves both for the carrying, 
about the Index continually, and to the ſtriking of the hour 
Wheels. 

Note, Firſt, the Pullies A andB in Fig. 124. muſt be under- 
ſtood to be ſo placed as you ſee them deſigned in Fig. 125. 
Nete, Secondly, if you do not make ufe of a perpetual chord, 
bur a finite, then you muſt conceive that Chord to be perpetu- 
all ditſe&ed, and to each end a weight, or poyſer, to. be hung 
to continue the Chord within the Pullies A and B. Neore, Thirdly, 
both ways here requires this weight D to be as heavy again, 
as that which is ſufficient ro carry about the other Wheels all 
at once : If therefore to each ſingle weight that motion ſhould 
be etfefted, you may make uſe of this following ( although 
more laborious ) practice. 

Fig. 160. Secondly, make the Axis AB ſtrong, and like a tree, 
or Cylindric, and ſtabliſhr in the points A and B, pur on to 
this two toothed Wheels CDand EF, each of which ſhall 
have in its Centre a Cylindric Tube A G and BH, join'd or faſt- 
ned together moving freely about their Axis A B: And to the 
ends of theſe Tubes G and H, muſt be faſtned a little orb, or 
Jagzcd Wheel G and H, having bur few Jags, or teeth, as 12 or 
16, but very deep; Thirdly, to the ſfaine Axis A B between each 
Wheel in the middle place, pur the Pulley K I made hollow for 
receiving the Rope, to which that one only weight muſt be 
bound, and this Pulley alſov muit be movaule about the unmoved 

| Axis: 
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Axis A B; and in the Baſes or Planes which behold each Wheel, 
muſt be Bolts or Bars, on both ſides the ſame number, and 
made by- the ſame Artifice on both ſides ; Fearthly, the Bar 
therefore M L, whereby the Pullies are joyn'd together, hath 
firſt of all a hole, through which ard the ear or ring made 
faſt in the Pull-y, paſſes the little round Axis, . moving freely 
in the joints forſaking that Bar : The ſame Rail or Bar towards 
the Axis of the Pulley, holds out a certain hook, or little arm, 
athwart, as in Leavers full of corners or nooks; and laſtly, ro- 
wards rhe other end L *tis bent like a hook, or bill. thly, 
the Rails or Bars being fitted in this manner in the ambir of the 
Pulley in any number, as 3 or 4, ſo that all together they anſwer 
the Jags of the Wheels G and H, underſtand between the 
Jagged little Wheel G, and the Pulley I K, ſome Lilly, or like 
flower to be put, cur our of a thin plate of mettal, whoſe Jjr- 
tle Leavers ſticking out towards the Centre of the Pulley, preſs 
the points or little arms of the Bars or Rails, thar in this mar. 
ner the bars L M, ſtrive or ftrain always againſt the Cuts of the 
Jagged Wheel, and the ſame is done by the face of the other Py. - 
lies. Sixthly, ro the Tubes, or hollowed Axcs of the toothed 
Wheels, muſt be put ſome Cylindric Segments N and Q, upon 
the foreſaid Axes or Tubes, movable freely to and fro; and 
Join them ro ſome firm Beam NO Þ Q, that according to the 
morion of one Cylindric Segment, the other may be moved 
with a reciprocal motion. Seventhly, make ſome ballance CK F, 
movable in the Cenmre K, about which the halt roothed Whee] 
1s conveyed with it, whoſe teeth anſwer to the flits or curs of 
the Beam OP; A little arm 1s erected in the upper part of the 
ſame Ballance anſwering the little rongue, or cock, of common 
ballances, to this 1s affixt the Sphzre R of a competent weiglir. 
E:ghthly, to the Tube or hollowed Axis of the Wheel C D, is 
pur the little o1b A, or fmooth Wheel, movable rogether 
with the former, nevertheleſs it hath in ſome certain place of 
its Periphery one triangular tooth ere&ted of unequal fttdes,and 
of ſuch form as you ſee in Wheels, with Jagged, or faw-like 
recth, ſo that it's Hypothenuſe riſes up flenderly from the ambit, 
or Periphery, and at length is ended in the precipice of the 
Cathetus, this little tooth abour the end of any hour, lifts up 
flowly the little arm C, then when the ballance CKE is in- 
Clined it pulls up the littk orb A. 


Theſe 
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Theſe things thus prepared, underſtand Firf, the Horometr'C 
Syſtem to be the ſuperftru&ture of the toothed wheel C I, an 
the ſyſtem ſerving ro excite the ſtrokes is of the other whee 
E F; moreover from the pulley K I is hung fome compe- 
ent pag by the Artifices propoſed before in Problem 
the 2d. 

Secondly, Underſtand the ballance CK E with the weight R 
ro be inclined towards the chronometric Wheel C D, for ſo. 
it will come to paſs, that the Wheel half croothed K for- 
ces the Beam O P towards the ſame roothed- Wheel 
C D, and together with the Beam, each Cylinder N 
and Q. 

Thirdly, One of the hour Cylinders, viz. N, when in this 

manner ir goes back from the jagged Wheel-G, it thruſts 
down all thoſe hooked rails or bars in its incitſions ; and by - 
the contrary reaſon the Cylinder Q_ being moved to the jag- 
ged Wheel H, lifts up all the rails or bars on that parr, ſo that 
the Jags in the little Wheel-H are in no wiſe laid hold on by 
them. 
Feurthly, When in this manner the weigh: hung from the- 
common pulley hath a conneRion with the Wheel C D, and: 
none with the other Wheel E F, that Wheel only will incice, 
and not this, and that will be done in an hours ſpace, until 
the tooth ſticking our in the little orb A, begins to rake up 
ſlowly the little arm C, and with it the whole ballance CE, 
and alſo the weight R. 

Fifthly, The weight R being inclined beyond the line K R 
towards Þ, ſuddenly ruſhes to the oppoſitepart with thecock of 
the Ballance.and together with the half roovthed Wheel K, im- 
pels the Beam OP, and the Cylinders N and Q towards B;. 
wherefore the Cylinder N lifts its hooked Bar, and the Cylin- 
der Q lets it down,and this being received within the Jags of the 
Whecl H, make firm the Pulley K I with the Wheel E F, and 
its Wheels pertaining to the ſtriking, which. unlocks the arm. 
KEE, by a ccrtain Leaver which the Figure doth not ex- 
2refs., 

; Six:thly, The hour being declared by ſtriking, the ballance 
CE is again lifted up with the weight R, to the oppolit part 
by inclining towards O, and that is done by the Phonutattic 
Wheels, c{pecially by thote which arc thruit on immediately 
from the Wheel E F, and which for cvery blow or ttroke ig. 

Wong 
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wont to go once round, and carries in it's Axis 2 Certain hearr, 
by help whereof through Leavers diſpoſed ro that purpoſe, ir 
may be done very eafily, the Imperus of the Wheels approach- 
ing from the collected motion. 

Note, Fir/t, in ſtead of the Pulley KI, a toothed Tymparne 
may be placed, which may be moved by anorher inferior 
Wheel, and it's weight, for the ſame effect will follow, by in- 
creaſing the weight of the clock as much as the thing requires: 
Notwithſtanding the forces of which may be hindred by a 
ſpring, or ſteel ſpire, but only in a f:xr, or ſtanding clock, for 
in a portable one the ſame foundation remaining of ſhutting 
by the bar LM, the other furniture of the Leavers will be 
otherwiſe diſpoſed ro work changes. Secondly, when the Pho- 
natattic Wheels are incited by the weight.the motion of the Index 
ceaſes the ſame time, bur after that manner that either "tis of 
it ſelf bur little, or *tis compenſated from cllew here ; alfo ir 
may be ſo made that berween thoſe ſtrickings, the Index ſhall 
not move forward at all, but the more free deſcription of the 
artifice, the brevity of time excludes. Thirdly, it the Chronome- 
zric Wheels are incited not by a ballance, but by a Pendulum, 
the Artifice may be effected eaſily, that that may be appre- 
hended and included in the uttermoſt rerm of its arches, and 
then the weight being reſtored to its Wheels, 'tis unloofed into 
Vibrations,otherwiſe the motion of the Pendu'um once ceafing, 
it cannot be ſtir'd up again by the weight only ; the reſt Ilkeave 
ro the Ingenious to conſider, Thus he. 

And truly this practice is very ingenious. 


Problem. 


*; 


q 
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mt. 


Problem XXV, 


To cauſe any ſtrong blow or ſtroke uſually ſtruck on great Bells, 
by a Hammer, and by great Weights, to be effeted by 
much leſſer weight, and fewer toothed Wheels, 


Fig. 161. Et the Wheel ABCDEF bedivided into 6, 8, or 

more parts, in the diviſion of which points make 
ſo many Joints for certain equal arms and equiponderant ham- 
mers,0r Iron balls,or Globes,to be fixed, yet ſo, that the motion of 
any arm run not out beyond the quadrant of a circle, viz. 
D GH: To the Axis of this Wheel place a Pulley with'a weight 
and on? toothed wheel, which ſhall turn about a-certain axis 
with a ballance, to retard the motion of the whole Engin, and 
alſo the impetus cauſed by this ballance, &c. 

Rails or Bars then being advanced ſhutting up the motion of 
che Engin, after which fome hammer, ro wit, DG muſt be 
conveyed perpendicular to an Horizontal fite, and a little be- 
yond the hammer falls down with a force, and deſcribes 
by its fall the arch G H, and on the brim of the objefted Bell 
ſtrikes a ſtroke, or blow, and becauſe it touches only . the 
extream of the Bell, *ris preſently withdrawn by the Engin 
from proceeding any further, otherwiſe if the hammer ſhould 
reſt a little while, ic would hinder the ſound of the Bell, ſome 
ſteel plare ſhould be pur between by the fide, which ſhould 
draw the Hammer immediately from the bell, and nor hinder 
it from trending downwards: And in this manner, much leſſer 
weight being diſpoſed, forces the Hammer and makes the ſtrokes 
more valid, becauſe the Engin is as it were Aquilibrated: The 
fame may be performed by . Iron Spheres, or Globles, falling 
from on high on the bell, which Globe is again raiſed ro the 
height by a ſcrew with a ſmall power. Or ſo many Globes 
may be placed in an upper place, as are required for all the 
ſtriking of hours for the whole day, as alſo of each hour, Firft, 
oe of them is freed from the obſtacle rhat ir may fall on the 
Bell, afterwards two, and after that three, &c. according as 
the number of hours require: The hours may be adorn' i 
divers other new ways to ſhew the diſtance of hours, for | rſt, 

Ii if 
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if you would ſhew not only the hours, but alfo the quarters, 
you may do it by many ſmall bells, ro wit, make uſe of five 
little bells, whoſe ſounds aſcends by - degrees in a Muſical in- 
creaſe or proportion ; and for the ſtroke of the firſt quarter, 
che meaneſt or loweſt little Bell will found Do, or, ut; for the 
iecond quarter Do, re ; for the third Do, . re, mi, then follows 
the ſtroke of the hour ſol, ſol, fol, &c. ſo often as the preſenr 
hour requires. 

Secondly, the ſame may be effected by means of muſica] 
Chords, to wit, if you'iextend them' on a' table madetthin:; and 
hollow, either Paraltel to:each other, or as: radius's meeting 
in-one' point ; and they may-be ſo fitred and tempered thar.rwo 
oppokſits give a Harmony, beginning from perte& ;and . pro- 
ceeding to. imperfect, - for theſe kinds of Harmony - being 
inCited, each hour by a diurnal Wheel with two chords, 
will ſignify the hour decreed in a bed chamber, which may be 
heard in a. night without, the trouble of noiſe ; and the Im- 
pulſe of the chords.may. be repeated three or four times, leſt 
the hearing be deceived, if you. have a muſical Inſtrument 
with keys, you may uſe a. Phonotactic Cylinder dirc&t to the 
_ with a weight! hung to it;: by which it will be turn'd 
aDOUr, SH F301 $4897 a8 | 

Thirdly, the thing may be effected likewiſe by the Pipes of Or- 
gans,for it the Phonotactic Cylinder be made and applied tothe 
keys of the Organ,and the Bellows being drawn either artificially 
by ſome eaſy Engin,: or being once drawn perſifts fo, and they 
muſt deſcend by little and little each hour while*the- ſound of 
hours is required to be|/made; _ 

Fourtbly, the Strokes of the hours may be made by a military 
Tympane;, or drum, and that moſt eaſily, as to any Induſtrious 
perſon will appear ; yea, we affirm ir is not difficult by Engins 
tO exhibit ro the ears, any ſtrokes'or blows wont to be declared 
by Tympanes, with as much dexterity, as it can be done by 
itz moſt sﬆ&ilfal Muſick Maſter, both as to the Celerity of the 
blows and the difference of inequality of Percuſſion, and alto 
as to Harmony cr the ſounds of Tympanes in Mufical conforr. 
Z.2/!y, there is no Muſical Inſtrument, the Tube or Trumpet 
perhaps eXcepred, bur ir may be fo fitted ro a clock, as to make 
divers Harmonical ſounds each hour: 


Problem, 
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Problem * XXVT. 


To procure excited Sounds at appointed H1wies by many Ars 
tifices. 


His Father Schottrs teaches at Propoſition the 25th. thus, 
incloſe a Steel ſpire with two little Wheels and a little 
Hammer, within a little bell, and this little Engin- ſtands upon 
2 or 4 feet, and hath a little tongue fticking out downward, 
by which the ſteel ſpire being tirit bent, the motion is imparred 
15 the little Haminer; If then the lictle Engin be placed above 
the Index of the clock lying Horizonrally, or applied vertically 
about the centre of the Index, the'feet of the little Engin being 
ſtabliſhr, and thar little tongue ſticking out, directed to the 
line of the hour which you deſire to excite, then the Index 
of the Clock being conveyed to the little tongue, and opening 
the incloſure of the lictle Hammer gives the ſtroke required; 
and after thar whenſoever you pleate to remove” it you may, 

and pur it again to the little Engin. | 
Fig. 162. Secondly, it a Clock 'be required ſhewing only the 
hours, and to hang to the wall of a room; In the wall nigh 
which the weight of the Clock deſcends faften in A a little 
arm, or Leaver A B, movable in A, on the end of the Leaver B, 
bind one end of a ſmall chord, than to a little Bar fixt in C 
caſt over the other end of the ſmall chord, to which bind a 
lictl- ſpar or piece of a ſtick CD; laſtly, -taſten a third little Bar 
in E, within which and the end D of the ſtick put the lighr 
ſtick E D between, fo that it may ſtick tat between the little 
bar E and the end D of the ſpar or picce of fiick, and the 
weight G being hung will therefore fiick faſt, under which 
you mult put a braſs bafon, or fuch like body of found, in 
which the weight G falling, excites a found ; then lift up the 
weight F impelling the Clock, to ſo many hours as you cctire 
Ir to excite, for the weight E being cllapſt in a determined 
time, the ſtick being conveyed tlowly to E D bares 1t down, 
and Calts it downwards : Ard this obftacle being, caken away, 
the ſtick C D being loofed fends down with a toice the weighe 

G into the baſon underneath. 

I1i2z Thi ay, 
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Thirdly, for excited ſounds for Souldiers, or Husbandmen, to 
a determined time, you may prepare them eaſily in this man- 
ner, take a piece of match, ſuch as Souldiers uſe, of one thick- 
nefs and denſity every where, try diligently how much the 
fire will conſume of it in an hour, then allowing the length of 
the match for as many hours as you. pleaſe, note the end, and 
extend the whole in length upon ſome piece of timber in: an 
Horizontal ſite, and a little elevared from the earth : Then in 
the firſt fign noted-in the match,bind a little chord,and to the ſame 
ſome weight, viz. a ſtone; and the other end of. the rope or chord 
bind about and make faſt ro ſomewhat, as to a wall, or a tree, 
ec. for it will come to. paſs, that when it hath burnt to the 
noted fign, it burns or deſtroys. that end of the little rope, and 
the ſtone falls into ſome Vellel or table placed juſt under, it and 
fo makes a noiſe. 

Many other ſuch like may be thought on which may either 
be applied to Clocks, or may effe&t ir themſelves, that art an ap- 
pointed time they may waken and: raiſe up them thar ſleep by 
fome noiſe ; For in the firſt place all kind.of Clocks which we 
have deſcribed before, to wit, which are moved. in deſcending 
by an inclined plane, that may eaſily be done, if while they 
cometo ſuch a line of the hour, they run againſt ſome obſta- 
cle; from whoſe repulſe or removal, a ſound is. made, or 
ſome other noiſe excited ; Secondly, we may obtain it by all 
hour- glaſſes of ſand. or water, for being increaſed by degrees 
by the weight of the water or ſand. falling down, it may be 
made, that when it increaſes to ſuch a magnitude the other 
weight ſhall prevail, which either lifts ic up, or being freed! 
from the Impediment it ſhall fall down, &c.. 


Aroblem: 
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Problem XXVIL. 


Divers Ornaments applicable to Clocks, and ſuch like 
Engins. 


TE Ornaments which may be added to Clocks, and other 
Chronometric Fngins, are innumerable, for befides thoſe 
which belong to their Indexes, and the other before mentioned, 
the ingenious Artificer may eafily invent many other, ſome: 
whereof we will ſhew briefly. 

Firſt, a Clock may be made which not only declares the 
hours and quarters, but alſo the minutes and ſeconds, and thar 
either with divers little bells, or by a muſical Inſtrument of 
Chords or Pipes. 

Secondly, the noife of the foreſaid Harmony may be made, 
either before thofe ſtrokes can publiſh the Muſical conforr, nor 
only in ſmall bells, or any other Inſtrument, or alſo more to- 
gether, which may eaſily be done by PhonoraCtic Cylinders, 
as is ſhewn before ; and not only by thoſe Cylinders, bur alfo- 
by an oblong plane, to wit,if you have a thick. plate of mercal or: 
a wooden table, to which faſten ſo many ſmall bolts, or pins, 
and diſtant a due proportion between themſelves as the Muſi- 
cal rone requires, ſo thar while that plane is moved upward' 
and downward to the right hand, or to the left, his ſmall pins: 
ſticking our, hits againſt che Organ, or other Inſtrument, ec. 
And this oblong plane may be moved here and there by a re- 
trograde motion, as is faid before concerning the Index of 
the like plane at Problem. 17, in which caſe, notwithſtanding. 
it behoves. the whole thing to' be doubled, to wit, one- 
anſwering to one half of the oblong plate moved in one part, 
and the other to the other halt in the recurn of the ſame 

late. 
: Thar the Clock, or Inſtruments, may be rightly applied; the 
following things are to be obſerved. Firſt, the roothed Wheels 
of Clocks which the Cylinder turns about, oughe to be ſciteate 
in the middle of the ſame Cylinder; or in both ends of it, 
for if it be applicd :5 one erd ovly, fome inequality eaily 
happens to the mution, by the reſiſtance of raifing the Ham- 
mers, 
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mers, or depreſſing the little hands, es. 2nd the Cylinder 
mult be exactly turned : Secondly, for each fivwil hell (if you 
wiil make the ſounds on. bells )'let. there be two Hammers, 
two little hands, and two rows of holes in the Cylinder, to 
wir, thar any note although ſhort in the runc, may be expreſt, 
when they are doubled, or repeated many times, for it tavle 
notes be many, to Wit, tailed or ewice tuiled following im- 
.mcdiately, -it cannot fo well be ſtruck by oove Hammer, .aud 
preiently raifed. Thirdly, the fewnels of holes for one. twuct, 
may be {ſupplied by the diverſity of ſmall pjns, more or lets, 
ſtrerched our without the hole in which they are faltned : 
Fuurihly, to greater Hammers, or greater rel.1t25 of Flevation, 
Poifers or weights muſt be hung as mich as need requires , 
Fifbiy, the little hands and ſmall pins, are moit exaaly of a 
length. | Sixtbly, for accelerating the motiun of the Cylinder, 
thoſe wings which catch the wind, or ſmall weiglits inſtead of 
chem, are movable, that they may be moved more or leſs to 
che Centre of motion. Seventhly, when the motion of the 
Cylinder acted by weights, is ſlower in the beginning, a ſtay 
muſt be pur between, of one touch, or a touch and an half, ro 
gain the Impetus, before the little keys or. pins begin tw publiſh 
the ſtrokes: Eighthly, if the Conſort of muſick precced the 
ſtrokes of the hours, care muſt be taken that the key oper! 


TY 
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the ftrixing Wheel of the hour be movable, It when the 
runes are fome ſhorter than others, the ſtroke of the tour may 
be a long time expected. 

Thirdly, as Indexes of Clocks, and other Engins, belong to 
the Senſe of the eyes, and of the ſound to the icing, foto the 
{ume hour meaſurers, other ornaments may bc add.d, which be- 
long to Odour or fmclling ; for it may be made that every 
hour, or at other appointed rimes, a box or {m:}l ciſtern may 
open, in which ſome - odoriferous body imclling very tive is 
Cloſe ſhut, and the Odour will difperle it felt into the who 
room ; in like manner cocks of ſmall fountains may be opened, 
ſending forth -Odoriterous liquors, which liquors may be Ui- 
vers, according to the divertity of the hours of the time; yea, 
they may be ſo tine and full of Spirituous rectiiicuion, that 
they may reſolve into air, and by their ſubtilty vavith, they 
Odour only remaining. Neither is it necclliry to uſe ma: v 
fountzins or ſpirital Engins, it to be you inzke a hnall i.ngi:., 
out of whoſe cock only, divers liquors run forth cyory hows 

Nitg 
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Alſo 'Odours-may be made either by means of perfuming -fire 
which may be excited every hour,.to wit, by percufſfion,that the 
next ſweerned matter may be burnt; Or being moved into an 
occult furnace, or lamp, che macicy, may 5c mouved to ihem, Or 
rather tha{e tO It. - * eb” "Fe . 


te:vant, andbe dilligent in the Bed-chamber dcl:gned to va- 
rious Offices; fo Cloks may be made which ar a prefixt time 
of night ſhall ſtrike fire ard, kindle a light ; and io the fame; 
manner they;may be ſo tured, that they, may ſerd forth water. 
from a fountain, at certain, hours for the waſhing of hands; 
or draw it from a well, or fo as to ſnuff: ca;:dles dexrerioufly, 
at appointed times : Alſo a. clock, may be made, which be=- 
ing placed on- a Table, \may rcprefert Bacchus fitting 
on a Tun, and at certain tunes fill pots with divers kinds 
of wines : , Alſo a Statue may . be mads in the top of- the 
Clock. Turret; that may unfold a fireamer in, the morning, and 
fold it up in the evening ; and many other ſuch like as theſe. 
may: be performed. ... St mags ty 

Lafi;, other Inſtruments may be added to Clocks which 
may ſhew the degrees of heat and cold, and alſo of moiſture 
and dryneſs, or which ſhall foretel when it will be rain and 
when fair weather, yea, and they may ſhew the winds at any 
tune in as icloled chamber. ; 47 pts fs oa 
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Problem XXVIII. 


To make a Chariot, or ſhip, withan Tadex of Miles, for the 
meaſuring of a Fourney. | XS Y 


V3. 494 


% 


Fig. 16 3M Ee the compals or Pcriphery of the Chariot 

Wheel propoſed, and for example\ ler it be 
ten feet ; To the Axis of this Wheel AB, fit a ſmall tooth 
F, running on another Wheel CD, furniſhe with 50 teeth : 
A gain this Axis 1 E mult haye a ſmall tooth, like. to the ſmall 
cooth of the former Wheel in E, which folds-jnto the teeth of 
ge - +, "the 


I, 


248  Mechanick Powers. Book IX. 


the Wheel E F, divided into 12 equal parts, each of which 
COnfifts of io teeth, ſo that all the teeth of this Wheel are 
120; Moreover in its Centre G an immovable Index is dif- 
poſed, which will tell the number of Miles and hun- 
dreds of Paces that hath paſſed by the Chariot in the Jour- 
ney ; for each circumvolution of the Wheel AB, that is, 
EVery tWO paces that is made in the Journey, one tooth of the 
Wheel C D is moved forward by means of the ſmall tooth C, 
and therefore ſince the Wheel C D is furniſht with 50 ceeth, 
its whole circumvolution will be complearted after 100 Paces, 
and then it moves forward the Wheel EF by means of the 
little tooth E ; then fince every part of diviſion of the Wheel 
E F conſiſts of 10 teeth, after every 10 circumvolutions of the 
Wheel CD; that is, after r000 Paces, or one mile of the 
Journey, the Index after that will note another number of 
Miles; in the ſame manner alrogether the thing may be done 
in a Ship, provided that a Jagged Wheel like to the Wheels 
of Mills be ſo firted to the fide of the Ship, that it may freely 
move abour the axis, while its Jags hit againſt the water; and 
this Wheel will be inſtead of the Wheel of the Chariot A B, 
to which others are added, as we have faid ; for the whole 
Artifice confifts in this, that the circumvolution of the firſt 
Wheel which anſwers the length of che Journey be multiplied 

roportionally ro the other Wheels CD and EF, which may 

e done calily, and divers ways. 
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Problem KXXIX. 


The method of making Archimedes's Screw for the raiſing of 
water ſeveral ways. | 


Fig. 164. A Rehimedes his Screw 1s no orher than a Column 

| or Cylinder, on which a Fube is wound about 
ſpirally, or in the nature of a ſcrew, as appears in the annexed 
Scheam, where A B repr eſents the Cylinder in av inclined fire 
to the Horizon, 'and C D ſhews the Tube drawn about ir ſpi- 
rally; and this Tabe if one end'of ir have an open mouth C, 


pur in the water, fo that the water enter Into it, and then the 


Cylinder 
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Cylinder being duly inclined, and ir being turn'd about by 
the two poles, or ends of the Axis E F chat ir ſtays upon, 
it will come to paſs that the water-ſerpent by little and little 
will aſcend to the top, and run out at the other mouth D. 

This ancient and moſt ingenious Engin, owns the moſt In- 
genious Archimedes for its inventer, which firſt uſed it to 
empty water out of the = ſhips of Hiero,King of Syracuſe ; then 
the Egyptians uſed the ſame, ( witneſs Diodorus Siculus ) ro draw 
out the water from the fields drowned by the River Nyles, and 
Cardan in his book de Subtil, makes mention of a Blackſmith 
that made this kind of Engin, and imagining himſelf to be the 
firſt inventor of it, for joy ran out of his wits. 

How much the Cylinder, or its Axis E F, ought to be ele- 
vared above the Horizon is not eaſily determin'd,2s will appear 
by what follows, alcthough commonly Mechanics ( with Vitru- 
vius, Book 10, Chap. 11. ) tequire ſuch an inciinarion as con- 
ſtirutes Pythagoras his _— EGF, to wit, ſuch that the 
{ide or Baſe E F which reſembles the Axis of the Cylinder 
ſhall be ro the fide E G, which is the Horizontal line, as 5 to 
4, and the fide E G in which the other tide F G falls perpen- 
dicularly, isto FG as 4 to 3. 

And the Tube and its Spire muſt be fo fitted about rhe 
Cylinder, thar each Spire be more or leſs inclined, and more 
or lefs nearer cach other by turns. 

Belidzs to the ſame Cylinder, ( which may be greater or 
ſmaller ) there may be pur abovur, two, three, or more Tubes, 
{o that one ſucceſſively after another may draw the water 
beneath, and may pour it out in the ſame order above. 

Some hide the Tube, or Tubes, within the hollow of the 
Cylinder; or they make the whole cavity, except the Axis in 
the middle, into a Spiral pipe, or Charmel, after the manner of 
winding ſtairs, for firft they make the Channel ſpirally abour 
the Axis of ſmall rimber, then afterwards they cover the whole 
ail over, that the whole Engin ſeems a weer Column, the 
myſtery lying hid within ; Father Chriſfepher Grurberger made 
a tranſparent Channel, or ſpiral pipe, covering it over with a 
Sclenire ſtone, or looking Glaſs, that it may appear to the eye 

ooking on it, how the water aſcends. 

If about the Cylinder you fit little boards fuch as isvfed in mill 
VWhicels, or a Wheel furniſhe with little buurds be firted abour the 
ſame, ncar the lower part B, this part may be ſo kept zbove rh: 
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water of the River flowing, that the lictle boards may be for- 
ced by the water, and turn about the Cylinder, for fo the water 
may be conveyed from the River into a meadow, or any other 
place that you will have it. I 

Moreover you may raife water to any height in a narrow 
place, viz. within a Tower to the top thercof, as we have 
known done at Augnfta in Germany ; to wit, it the ſpiral pipes 
be multiplied, ſo thar the water being raifed by rhe lower ſpiral, 
and being poured out in D into ſome receptacle, or Ciſtern ; 
hence it may be raiſed higher again by another Spiral, and ſo 
ſucceſſively by more ſpirals, as high as you. pleaſe, all which 
Spirals may be moved by one power, viz. by the water of a 
River underneath, or by another animated Power. 

Thus much:as to the making and common ule of the Screw. 
or Spiral pipe, and you will ſcarce meet with any thing elte 
among writers, but that which contains the reaſon where- 
fore the water aſcends by the ſpiral pipe, contrary to its natura! 
gravity, you will hear the ſame ſtory among all of them thar 
I haye read; water indeed always delcends in the fpires of a 
Tube, and flows naturally to the loweſt place, but neverthe- 
leſs in the mean while by turning round. of the Cylinder 'tis 
conveyed to a higher place ; likewiſe the weight of the water 
it ſelf, while it advances the ſpiral Tube, or pipe, helps its ad- 
vancment: Some ſay 'tis done by a certain mixt motion jopn'd 
rogether, of the delcent and aſcent of heavy bodies, which 
while they affe&t to deſcend by their proper motion, they 
run through the Spiral of their own accord, and the ſpiral by 
the turning about of the ſcrew, the weight running down lei- 
ſurely, and obliquely and as it were by ſtealth, raiſes it up 
by degrees, 1 fay, you will find theſe, and ſuch like exprellions, 
or meer words which ſound altogether the ſame thing. 

That we may therefore ſhew the true cauſe of this motion 
clearly and manifettly without ambiguous words, we muſt 
obſerve ſome Experiments approved by us. 

Fir, Nor only water, or other Liquor, may aſcend by the 
Tube of the ſcrew, but alſo one, or more Globes of any ſolid 
metallic matter. 

Secondly, by how much greater {wiftneſs the ſcrew is turn'd 
about, nor only a greater quantity of water aſcends proporti- 
onally to the greater {wittnefs, a5 if the motion of the {crew 
be doubly ſwitier, the quantity of the water will be doubly 
greater 
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greater, Which- in equal time will be poured out of the upper-. 
mouth of the Tube, bur a much greater proportion, fo that 
ir may happen that the motion of the Cylinder about 11s ax1s 
being put double, the quantity and conſequently the velocity 
of the water aſcending is triple, or alſo quadruple,or quintuple 
and this appears clearly, if..inſtead of water. we place. Bullets, 
or ſmall metallic globes in the channel of the ſcrew ; for it. will 
come to paſs ſometimes, that the ſcrew being turn'd abour, the 
Globe will aſcend bur very little, or if ir aſcends a little, ir | 
preſently ſlides or falls down again in the Tube, but the ve- 
locity of turning about being increaſt, it only alcends, all the 
other circumſtances remaining the ſame. | 

Thirdly, the lcfſer the axis of the ſcrew is elevated from the 
Horizon, the greater plenty of water afcends, and with more 
eaſe, ſo that the ſcrew be turn'd with the ſame velocity, and 
all orher things alike. 

Fourthly, There is not the ſame proportion of quantity of 
water aſcending through a narrow Tube of a ſcrew, ro the 
quantity of water aſcending through another broader Tube, 
as is the Baſis of the narrow Tube to the Baſis of the broader Tube ; 
for example,lct the narrower Tube be A, and the Tube B doubly 
broader { or as broad again, ) I fay,through the Tube B there 
does nor aſcend a double quantity of water the other things 
being alike, bur leſs then double, and therefore if there ſhould 
be two Tubes of A, and only one Tube of B, although the 
largeneſs of this, or the inward cavity be equal to the double 
largeneſs of the other rwo Tubes, notwithſtanding it will nor 
draw an equal quantity of water, ſo that they are all of an 
equal length, and in the ſame manner alike, or the ſcrews are 
turn'd alike. 

Theſe things being noted, I ſay, in the firſt place, that 'tis 
falſe which they commonly afhrm ( as is ſaid betore ) that the 
water does deſcend in any manner in the Tube of the ſcrew, 
and much lets ro make a mixt motion by the aſcent and deſcent ; 
And this appears in the firſt place chiefly by an experiment of a 
Globe turn'd abour in a Cylinder through a glaſs Tube,ſo always 
aſcencing as 'tis never difcern'd to deſcend (I ſpeak in re- 
{pect of the Tube) for it runs towards the upper part of the 
Tube, never going back untill at length it break our at the u9- 
p=r mouth ofthe Tube; the fame which appears in the upper 
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ſuperficies of water aſcending ; and certainly it ſeems ro be 
implied in the terms that the ſame heavy-body ſhould: afcend 
and deſcend together ar the ſame time, for it will be moved 
rogether with two oppoſite motions, Which 1s. contrary ; as we 
have ſhewn before.. 

The reafon then why the water,or Globe.or any other heavy 
body, aſcends through the ſpiral Tube of the ſcrew, ought ro 
be ſought from the adherence of the water, or other body, to. 
the inward ſuperficies of rhe Tabe, cither from fome rough- 
nels of the ſame ſuperficics, or alſo of the ſolid Globe aſcending, 
by reaſon of which the motion of bodies is hindred in their 
deſcent by an inclined plane, which how it happens in the- 
{ſcrew will be eaſy ro explain from- what is faid. 

I fay, then the water, or Globe, doth not always move in the 
Fube, fo as always to go forward further, bur by ſome litcle 
{pace of time, wherein the Cylinder is turn'd abour, the 
Globe reſts in the ſame part ofthe Tube; but becauſe the ſame 
time, in which the Globe reſts with reſpe&t ro the Tube, thar 
part of the Tube on which the Globe reſts, aſcends by the 
turning abour of the whole Cylinder, it comes to paſs alſo, 
that the Globe reſting in that part, in the mean while is 
raiſed higher from the Horizon, and the other parts of the 
Tube immediately following, obtain a lower fite with. re- 
ſpe to the Globe, which therefore are conſtituted in a plane 
omewhat inclined ; then the rett of the Globe cealing in thar 
part of the Tube, it deſcends by that inclined plane to the lower 
part, and there it reſts again ( for as much as if it ſhould paſs 
further, ir ought to aſcend, which is contrary to its natural 
gravity ) and while it refts in that part, 'tis transfer'd again to- 
gether with the Tube into an higher ſite, from whence it a- 
gain rotkes down by another inclined plane on the other part 
9f the Tube; and fo by degrees i5 moved forward even to the 
upper mouth of the Tube; and the reaſon of this interrupted 
morion, or interpolition of reſt, is, as I faid, the adherence or 
roughneſs of the ſuperficies both of the Tube and alſo of the 
Globe; for it comes to paſs that by fome little ſtays the motion 
is interinitted, while the movable budy tinds. retiftance in the 
rough plane. 

Fig. 165. And there is another reaſon beſides the foreſaid 
reſiſtance of Roughnets, or adherency of bodies, which very 
much moves forward ſuch motion : to wit, the impreſt Im- 
Pctus 
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petus of motion in the oppoſite part of the Globe,or water. Let 
the Horizontal line be A B, above which the axis of the {crew 
AC is raifed, and let the ſpiral Tube beDEI LMN. Now, 
for example, if the Globe of lead be in part of the Tube F, and 
the Cylinder be turn'd abour with a motion from E towards 
G D; while the Globe reſts a Intle in part of the Tube EF, 
in as much as that part together with the Globe refling is rail- 
ed by the turning about of the Cylinder into a place nezrer 
the horizontal line, viz. into P, ard in the mean while, the 
part of the Tube H is depreſled ro Q; from whence it comes to 
paſs that part of the Tube is confticuted in the inclined fite P 
Q, and therefore the Globe, which was found in P defcends 
through that part of the Tube, or inclined plane from Þ in 
Q, where you {ce now the Globe advanced higher above 
the Horizon ;. for the point Q is more diſtant from the 
Horizon A B, than the point EF, where the Globe was before ;. 
again in Q, becauſe of ſome reſiſtance which ir cannor over 
come through the little ſtay of time reſting, *tis raiſed as be- 
fore with part of the Tube in the ſame point Q, then an- 
ſwering to the time, from whence again after reſting, it falls 
down in the other part of the Tube, and ſo ſucceflively in de- 
ſcending it truly aſcends, but not ſo as to aſcend in the ſame 
time in which it defcends, and therefore ir cannor be faid, 
truly ſpeaking, that it aſcends in deſcending, nor thar 
that motion is properly compoſed of aſcent and defcenr. 
Wherefore it aſcends in that part of time in which 'ris hindred 
by the adherence to the inward ſuperficies of the Tube, or irs 
roughneſs, that *tis not moved forthwith, bur ir deſcends 
after that ſmall ſtay, or litile reft, and: becauſe it defcends 
more oblique than before it aſcended, therefore. the defcenc 
is leſs, - confider'd abſolutcly and in a perpendicular line than 
is the aſcent; and therefyre after all the deſcents ic will be 
found higher above the Horizontal line. 

Add, thar after each deſcent, to wit, after the deſcent from 
G in E, it doth not preſently reſt in the loweſt place E, due to 
it naturally, but by the acquired impetns in deſcending by 
rhe inclined plane GE, it aſcends 2lſo further, viz. ro-H, e- 
ſpecially tince the point of the tube H deſcends in the mean 
while,and paſies away the globe, that therefore it may ſhun the 
fteepnels from E inH, by being ſucceſſively lighter, and aſcend: 
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Finally, to the facillitating of this motion of the globe the 
impreſt Impetus of the tube concurs to the oppoſite part of 
the motion of the globe, for it is found by experience, that 
the Globe deſcends more ſwift on an inclined plane, being 
moved ( for example ) from the Faſt rowards the Weſt, if in 
the mean while that it deſcends, the inclination remzining the 
ſame, the plane be transfer'd by an oppolite motion, to wir, 
from the Weſt rowards the Eaſt; fince rherefore while rhe 
Globe deſcends, by the inclined part of the Tube from G in 
E, or alſo while it aſcends further from Ein H, the Tube 
by the Circumvolution is moved by an oppolite motion from 
H towards E and G, it come to paſs from ſuch motion, or 
from the oppoſite Impetus of the Tube, it acquires a greater 
velocity : Bur likewiſe this muſt be obſerved, that as often as 
the oppoſite Impetus of the Tube, or of the inclined plane a- 
vails to the velocity of the motion of the globe, ſo often the 
Globe ſuffers ſome rubing or wearing with the plane thar lies 
under it: Wherefore from the beginning to the end, all the 
reaſon of the motion of the Globe in the ſpiral Tube of the 
ſcrew, ſeems to be founded on the foreſaid adherence, or re- 
filtance of bodics in the contract of fuperfhicies. And what we 
have ſaid concerning the Globe, the fame may altogether be 
faid of water, or of any other body, notwithſtanding we 
have made uſe of the Globe, in the exampie, becauſe if the 
experiment be made, as we have oftentimes done in it, all 
theſe things clearly appear, which hitherto we have ſaid ; 
And that the Globe may be manitcſt to the eyc, and the rcafon 
of its motion may be obſerved, either we muſt make uſe of a 
glaſs Tube, or the ſecret hollow channel about the Cylinder 
muſt be of tranſparent ſtone to ſee through ; or you may 
eaſily put a double wyre abour the ipiral Cylinder, fo thar 
that Iron- thred, or wyre, touch not the Cylinder, bur land 
above it about half an Inch, and the ſame diſtance alſo between 
it ſelf, and therefore ſome quadrangles intercept the ſpace of 
way, on which the Globe is placed as it were on a Channel, 
Or groove. 

From what hath been ſaid "tis maniteſt, in the firſt place, 
how the motion of boudics which are raiicd by means of ihis 
Engin, are reauced to moitlon by an inclined plane, 
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Secondly, a reaſon appears why the turning the Cylinder 
about wittr a greater velocity, or more {wiftly, that it doth not 
only raiſe greater plenty of water proportionally, bur alſo 
makes the ſame aſcent more avundantly eaſy ; for ſince the 
oppoſite motion of the Tube avails much to the aſcent of the 
water, as we have ſaid, by how much ſwifter this motion 
is, which is made by turning abour of the Cylinder, by fo much 
the more the aſcent of the water is advanced. 

Add, that that little ſpace cf rime which te water or the 
Globe reſts in ſome lower part of the Tube *tis raiſed higher, 
that therefore the reſt ceaſing it ouzhr to deſcend lefG, and 
after the deſcent 'tis now much higher raiſcd above the Horizon 
than before: moreover, ſince that little ſtay of the Globe hap- 
pens from the impediment, or roughneſs of the Tube, {uppoſe 
the Globe to be in E, and ſome impediment or roughnets in 


the Superficies of rhe Tube, to be in its way on the part to- 


wards H ; when this kind of roughneſs is moved forward ro- 
wards P or G, and let that which raiſes the Globe be as far 
as Þ, if the Tube be moved more {wittly, it imprelles a greater 
{mperus, and raiſes it higher. 

Thirdly, "tis manifeſt alſo, why if the fcrew be leſs elevated 
above the Horizon, that the water aſcends the eafier, I ſay, the 
eaſter, that is, with lefs force and labour of him, or that which 
rurns the Cylinder : (tor if the Cylinder being rurn'd abour 
with the ſame ſwiftnets, an equal quantity of water ſhould af- 
cend, whether it be more or lefs inclinded ) the reaſon is 
manifold: Firſt; becauſe when the Axes AC are more Elevated 
the weight gravitates more upon the prop of the Axis in A, 
bur Icfs upon the prop in C, bur if the Axis be lefs raifed above 
the Horizon, or Comes nearcr to an Horizontal fire, the whole 
weight is diſtriburcd ro the Props A and C with leſs inequality, 
from whence it comes to pals that the Circumvolution or turn- 
ing abour is eafier. Second!/;, and chiefly becauſe the entrance 
of the water into the Tube by the lower mouth D, retiſts and 
ſtrives againſt the weight or preſſure of the water which is in 
the whole Tube, and that weight or force of preflure is nor 
computed from the quantity of water which is in the Tube ( for 
that is always the ſame whether the Cylinder be more orleſs in- 
clined ) but 'tis computed from the greater or lefler perpendicu- 
lar CB; therefore when the perpendicular CB is greater, the 
water cxiſting within the Tube prefles more, and retiſts more the 
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enterance of the water by the mouth D, fince therefore that force 
or preifure ought tobe overcome by the power turning the Cy- 
linder, as ofien as the mouth D draws new water, it appears 
why the ſcrew being elevated higher is moved with more 
Cifficulty : Hence you may be ſatisfied that 'tis falſe that ſome 
ſy, char water therefore aſcends eaſicr by a ſcrew leſs clevated, 
becauſe the way and acclivity of motion is lefſer, as it water 
in aſcending by a plane more ſteep is allo more wearied, which 
is fooliſh : Hence allo it is, that a fulid Globe is elevated almoſt 
wich equal facility through the Tube of the ſcrew, whether 
the Cylinder be more or leſs inclin'd; for in this caſe each rea- 
ſon aforeſaid ceaſes, and the ſecond reafon ceaſes wholly, ſince 
in each circumvolution of the Cylinder a new Globe is nor 
raiſed but that only which is moved forward in the Tube: And 
che firſt reaſon alſo hath ſcarce any room, it we ſuppoſe the 
Cylinder alone not to gravitate much upon the Prop or ſtay 
-0n which the ends of the axis reſt upon. 

And from hence it appcars why it cannot be determined, 
how much the inclination of the Cylinder ought to be ele- 
vaicd above the Horizon; for this ought to be confider'd nor 
abſolutely, but with reſpe&t ro many other things, and chief- 
ly co theſe three, to wit, to the velocity whereby the Cylinder 
is turn'd about ; for if it be turn'd about more ſwiftly it may 
be more elevated, and nevertheleſs the water will aſcend 
through the tube. Secondly, to the greater or lefſer adhe- 
rence of the water, or other Liquor, to the inward ſuperſicies 
of the ſpiral rube ; for when this adherence 1s greater, the 
water doih l-\s gravitate upon the lower mouth of the Tube, 
and beſides it more eaſily contains the Impetus trom the mo- 
tion of the Tube in that manner which is thewn a little before. 
Thirdly, and chicfly co the obliquity of the winding compaſs 
of the Tube, for if the ſpiral or winding compaſlles be thick- 
er and cloſer together, and more near each to other, rhe Tube 
will be longer, and therefore the way and morion of the wa- 
ter longer before it comes to the upper part of the Tube, bur 
nevertheleſs by reaſon of the greater obliquity of the ſpiral, 
the lower water gravitates leſs, and aſcends eater, and rhere- 
fore the Cylinder may be raifcd higher above the Horizon. 

According tothe varicty therefore of theſe circumttances the 
inclination of the Screw may be varied : Notwithitanding this 
univerſal precept mult be obſerved, ro wit, that the Cylinder 
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A C be never elevated above C, to ſuch an height, thar the 
ſpiral of the Tube DE or IL or MN appear parallel to the 
Horizon AB ; for the point of the Tube D ought to be high- 
e& than E, and the point I higher than L, and ſo of the reſt; 
otherwiſe the water being in part of the Tube D E, will flow 
out at the mouth D before it be moved forward any further 
in the Tube. 

Fourthly, from what is ſaid, "that queſtion may be re. 
ſolved, to wit, whether or no 'tis moſt convenient to have one 
large Tube to turn round with the Cylinder, or many ſmall 
ones : Father Grymberger afirms, that it one ſpiral Tube cir- 
cumſcribe the whole Cylinder, ſuch a fimple ſcrew will pour 
out as much water, as if there were many Tubes, and ſome- 
what more, and he allignes this reaſon, becauſe many ſpirals 
of a Tube by reaſon of their thickneſs which they muſt have 
ought to occupy more room in a Cylinder than the thickneſs 
of one. Bur although this be moſt rrue, yer our queſtion is 
not whether more water may a{cend by one Tube only than 
by more; for example, unleſs three Tubes taken together are 
equal to one other larger Tube, 'tis certain that greater plenty 
of water may aſcend by that one larger Tube; but the queſtion 
is, whether or no ſuppoſing that thoſe three Tubes, be exa&tly 
equal ro the Capacity of one larger Tube, and let the Cylinder 
be capable, that is fiitced cirher to the three ſmall Tubes, or 
to the other larger one, I ſay, *tis to be conlider'd, whe- 
ther to make uſe of the one large one, or thoſe three ſmall 
ONEs ? 

And to this Queſtion I anſwer, It would be better to uſe 
three ſmall Tubes ( ſo that they do not gravitate r1ore by their 
weight on the pro» ſuſtaining the Cylinder ) than one larger; 
and not only becauſe ( as we have ſaid appears ) in the fore- 
{1id experiment ) that they raiſe more water ; but likewife 
becauſe 1t aſcends cafier, and with lets ſirength of the power 
moving the Engin. The reaſon is, becauſe although the 
rhree Baſes of the lelter Tubes be equal to one Baſe of the 
Licger Tube, and they are ſuppoſed all of an equal height, 
nevertheleſs it gravitates or prelles lcfs in the triple baſe, or 
12 the lower mouth of the {mailer Tubes, than the water gra- 
Vitatcs in one bate only, or in the mouth of the larger Tube, 
and that thezetore becauſe although the Capacity of the three 
Tubcs be cqual ro the Capacity - the one Tube, neverthelets 
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the inward ſuperficies of the three Tubes is at leaſt doubly 
greater the inward ſuperficics of the one larger Tube, and ſince 
the adherence of the water is- greater where the ſuperficies is. 
greater to which. it adheres, and fince it afcends caſter and: 
gravitates leſs upon the baſe when the adherence is greater, 
it appears to gravitate leſs on the baſes of the three Tubes, and: 
in then the water afcends more eafily. I add alſo, that the: 
water is eaſier drawn if it be drawn ſucceſlively by many 
Tubes by one circumvolutior of the Cylinder,than if the whole 
be drawn with one turn by one Tube. 

From the forefaid greater adherence of the water of the- 
{ſmaller Tubes ir comes-to- paſs alſo, that although the. Cylin- 
der be turn'd about with leſs ſwiftneſs, yet the weight of the 
water Cannot ſo eaſily overcome that adherence and fall back 
again downward, as happens-in wider Tubes, which unleſs 
they are moved: ſwiftly the water by its weight calily goes 


Hence alſo:we eſteem it a-thing not alrogether impoſlible ro 
to make a {crew with ſuch artifice, that by means thereof the 
perpetual motion may be obrain'd, for the afcent of water or 
of other heavy bodies ſeems eaſieſt-of all by the ſcrew. 

And that this motion may be rendered yer eaſter, ſome in- 
genious things occur to. my mind which I believe may be 
made uſe of with-ſome profi. 

The firſt is, when you pur one or rat 
a Cylinder, within each of which you may put cotten thred, 
extended from one end to the other ; for by this means the 
adherence of the water increaſes, and: creeps along more 
eaſily through the Tubes, although the quantity be lefs, all 
one as if one large Tube were divided into many ſmall 


her more Tubes abour 


'g. 166. The Second is, ſince the rubing or wearing of the 
Poles of the Axis on the Prop or ſtay on which they reſt, is the 
chief impediment of all, to the Circumvolution of the Cylin- 
der, and {ince there 1s a greater rubing ard reſiſtance on the 
lower Prop A, by the greater gravitation there than in B, the 
rubing muy be hinder'd, if not wholly, art leaſt in grear parr, 
by «©xi8g a Wheel, or rather a Tympane CD, to the lower 
part F of the Cylinder A B, which 'Tympane mult be hollowed: 
within or void, not only the lower part D, by reaſon of its 
leluncls will fwim upon the water, but alſo it will ſuſtain the 


Cylinder, 
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Cylinder, fo that its Pole A within the notch of the Prop 
may be rurn'd about without any refiſtance. 

Fig. 167. The third is, that the Cylinder be made of light 
matter, for the lighter it is the eaſter 'tis turn'd ; wherefore 
it will be ſufficient to fit the Tubes fo, and to turn them abour 
in Spirals, that they will need no Cylinder to fuſtain them ; for 
ir will be ſufficient if in the extream heads of the Tubes, you 
fr two littie Wheels AB, CD with their Axes fixed in the 
Centers. For unleſs they be very big and large, 2nd the Cy- 
linder very long, they cannot eaſily be bent by the water, 
or by their proper weight, and eſpecially if they are made of 
rough matter, viz. of thin Iron plates cover'd over with Tin 
or Glaſs, &c. Or if you fear the bending of the Tubes, you 
may fit here and there in ſtead of the whole Cylinder, two 
or three rulers extended according to the length from A to C, 
and from Bro D, which rules or Spears ſupport the Tubes, 
leaſt they bend in the middle. Likewiſe you may ſo turn 
about many ſmall Tubes ſpirally, one immediately near to a- 
nother, that they being all united rogether, make one whole 
Cylinder, or rather a Tube, which reſembles a Cylinder made 
hollow within. 

Fourthly, If you deſire to raiſe not Water but a ſolid Globe 
by a Pulley, you necd not make uſe of a Tube ; two iron 
wyers turned about ſpirally parallel to each other, and faſtned 
to the extream heads in the Circumference of the little wheels 
AB and CD, will be fir for thar purpoſe ; and thoſe wy- 
ers ought to be ſomewhat leſs diſtant from one another, than 
the thickneſs or diameter of the Globe ; for ſo the Globe will 
be derain'd within each wyer always in the lower parts of the 
ſpirals, and will aſcend by degrees by thoſe ſpirals being rurn'd 
abour. 

Fig. 168. Alſo it may be made of two thin plates of Mettal, 
or ot one only made hollow after the manner of a Channel or 
Groove ; yea, we have mede a ſcrew fit to take up a le:den 
Globe or Ball of an inch Diameter, of thick paper or paſtboard 
turn'd about ipirally, ro wit, the Tube of them which com- 
poſe a Teclleſcope we have cut ſpirally, fo that the Globe is de- 
cain'd within the ſpiral cleft, and will afcend by the ſame cir, 
the Tube being turn'd abour. Moreover one plare of meit:.i 
only may ve turn'd about a Cylinder which atcends 1piralls;, 
and ſticks out every where _— the ſuperticies of the C/linder, 
L12z 
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one or more inches, according as the magnitude of the Globe 
t0 be raiſed requires, and the plate muſt be of ſucha breadth, 
as is the Diameter of the Globe, or a lictle more, and ere&ed 
perpendicularly upon the ſuperticies of the Cylinder, and one 
of its ſides faſtned to the ſame Cylinder ; then the Cylinder 
being elevated in an oblique fite to the Horizon ; for Exam- 
ple, in the fite A B, and the Axis leaning or ſtaying upon its 
prop, the hollow plate of merral D C is fitted under the Cylin- 
der, which remains unmoveable in the ſame oblique fire, and 
then being diſtant a little from the ſpiral plate, fo. thar as ir 
were, it is razed by the ſubjeted channel or hollow plate be- 
ing turn'd about. Then if you place a Globe on this, and 
rurn about the Cylinder, the ſpiral will move forward the 
Globe by that inclined Channel from D in E, and from E tg. 
F, ec. 

The ſame power or ſtrength muſt be applied here, as a 
ſcrew hath to raiſe water, or another body, of which we haye 
fpoken elſewhere concerning the common Screw ; for as you 
ſee the motion or elevation of weight by this ſcrew of A4rch;- 
medes, is indeed 2a motion by an inclined plane, where thar 
univerſal principle always takes place, that the increafe of force 
35 taken from the proportion of the velocity of the power mo- 
ving, to the velocity of the weight moved ; wiierefore, if for 
example, as in the preſent figure the ſpiral being four times 
eurn'd about, the Cylinder be 12 feet, and the Globe aſcend 
from D to F, in the plane or inclined Channel D C two feer, 
the power as 2 may.raiſe the weight as 12. 

What we have ſaid hitherto concerning a Cylmdric ſcrew, 
may alſo be underſtood of a Conic 1ſcrew, for. inſtead of a 
Cylinder we may uſe a Cone to which the Tube may be ſpirally 
turn'd about, a3 is commonly known. And although ſome 
prefer a Cone before a Cylinder, yet we fee not any effect 
that it performs better ; therefore ſince a Cylindric ſcrew is 
eaſier prepared, we may ule the fame moſt fafely, and perhaps' 
moſt profirably, at leaft in many caſes. 

Many other things occur which may be faid concerning this 
Engin, which in our opinion are very Ingenious, for writers 
have ſcarcely ſhewn any thing worthy of conlideration to 
Poſterity in this matter although it be very capacitous, as may 
be eafily underſtood from thoſe things which we have briefly 


tbewn, with. which we ſhall conclude this ninth and laſt Bock 
ot 
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Of Mechanick Powers. Giving all honour and Praiſe to 
that great Maſter of Arts, and Fountain of all Wiſdom, the 


Omnipotent God Bleſſed for evermore. 


I had here put an end to Mechanick Powers, but meeting 
with ſome new inventions relating thereto, lately publiſh in 
France by an able Mathematician, which if put in practice may 
be uſeful and beneficial in Engins ; I thought fir ro add them 
by way of Appendix, and they are theſe that follow. 
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APPENDIX 


BOOK XX 


Of Epicycloids, and therr uſe in Mechanicks. 


Definitions. 


Fig. WF the circle ABD be rouled or turn'd about upon the 
2 | arch Abd of any Circle, the point D which 1s the 

extream or end of the Diameter A D, will by its mo- 
tion deſcribe the Line D 14, 15, 16, 17 d, Which is 
Called an Epicycloid. 

The circle ABD is called the generating circle of the Epi- 
cycloid. 

, The arch A 64 is the Bafe of the Epicycloid. 

If the generating Circle roul on the out fide of the circle of 
the Baſe, the Epicycloid is calied Exterior, or Outer : But if the 
generating Circle roul on the intide of the circle, the Epicycloid 
15 Called Interior, or Inner. | 

The ſpace contain'd by the Ejicycloid, and by its Baſe, is cal- 
led ive ſpace of the Epicycloid. 

The 
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The Dimenſion of the Space of the Epicycloid. 


Lemma T1. 


Fig. Hg the Semicircle be A P p B, whole diameter is A B, 
170. and its centre K; having drawn the line P p Paralle 
tro A B, and meeting the circle in the points Pp, from any 
point C of rhe diameter A B drawn longer, draw the lines CP, 


| | oy, the ſum of the right lines C A, CP, is ro the ſum 
of the right lincs C B, Cp, as the ditference of the right lines 
C B, Cp 1s to the difference of the right lines C A, CP; or 
elſe, which is the ſame thing, the Rectangle made of the ſum 
of the liges C A, CP and their ditterence, is equal to the 
reCtargle made of the ſum of the lines CB, Cp and their 
differenge. 


Lemma Zo 


Fig. 191. In the —_ CAV if the right linesP X, pG, 
B M being parallels ro the baſe A V, cut the fide C A, fo thar 
the ſum of CAandCP, be ro the ſum of Cp, CB, as the 
difference B p the Segment of the laſt, is tro the ditterence P A 
of the firſt. 

I ſay, that the Trapezias M p, A X are equal between them- 
ſelves. 


Lemma 3. 


Fig. 172. Let the Semicircle be AD EB, and on its diame- 
ter A B prolonged or not prolong<d, let the point C be raken, 
and draw any right line DE Parallel to the diamcter A B 
which meets with or touches the circle in the points D, E; 
From the Centre C, with the Scmidiameters CA, CD, CF, 
CB, deſcribe the arches of circles AF, DPG, Ep H, BJ, 
which meet with any rightlize as CF drawn from the centre 
C, inthe pomts F, G, H, I. 

Ifay, that the fourtided mixt figures AFGP, p HIB are 
£qual between themfelves. 


Demyn- 
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Demonſtration. 
Make the right line A f equal to the arch A F, which muſt 
make with the diameter C A, the right angle C Af; having 
drawn C f, draw alſo the right lines-P g, ph, By, parallel to 


*Tis evident by conſtruction that the triangle C A f is equal 
to the Seftor CA F: Inlike manner, the Triangle C P g is equal 
co the ſetor C PG, wherefore if from theequals CA#, CA F, 
you take away the equals C Pg, CPG, the remain will be equal, 
to wit, the Trapezia AP 9g f, and the four ſided mixt figure 
APGF. We may demonſtrate in the ſame manner that the 
Trapezia p hi B, is equal to the mixt figure p HI B. | 

But by the firſt Lemma the ſum of the right lines CA, CP, 
15 to the ſum of the right lines C p, CB, as the diiicrence of 
C p, CB which ispB, is to the difference of CA, CP, which 
is AP; wherefore by the 2d. Lemma the Trapezia A fg p will 
be equal to the Trapezia p þ 7B, and the mixt figures A F G P, 
» HIB which are equal to the Trapezias are allo equal between 
themſelves. 


Lemma.. 4. 


Fig. r73. If the cireumference of the Semicircle A'B D be 
divided into equal parts between themſelves in the points 
EFGBHI, &c. and the number of theſe parts be even 
and indcfinire, and on the diameter A D prolonged or nor 
prolonged you draw from the point Y as a centre the arches 
of a circle, whole radius's are the diſtances YA,YE,YF, YG, 
c*c.and let the length of the arch A d deſcribed by the point 
A b2 equal to the circumference of the Semicircle ABD; and 
ter the Arch A 4 be divided into as many equal parts ef'g h as: 
is in the Semicircle ABD: Then having drawn the Rady from 
the centre Y to the diviſions ef g bh, &c. then you will have 
the mixt four ſided figure A D X 4 divided. into an indefinite 
number of little mixt four 1ided figures which will have the- 
following properties. 

Becaulte the equal diviſions of the Semicircle may be drawn 
by the points of diviſion of the right lines KE, I F, HG, &c.. 
which will be parallel tro the diameter DA of the circle; 
therefore by the 3d. Lemma the four ſided figures d y RE, 
X z a 4, Will be equal berween themſelves being equally re- 
moved: 
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moved ſrom the extreams: Bur alſo thoſe which are contain'd 
between the ſame circles will be equal berween themſelves, 
becauſe of the equal diviſions of the arch Abd; wherefore 
the 4 ſided figure A e Er will be equal to the 4 ſided figure 
X 24 4. 

We may demonſtrate in the ſame manner that the 4. ſided 
Ggure 2 X 4 ris equal to the 4 ſided figured 3fkorAens q, 
and ſo of the reſt. 

"Tis evident in each Sector, as Y X4 orY 4 &, that the 
four ſided figures are equally removed from the extreams, as 
2 X and 3 « are alſo equal between themſelves ; for the 4. ſided 
figures X x and 4 are equal, the 4 ſided figures Xr and d s are 
alfo equal by the foregoing Lemma : Wherefore if the greater 
be taken from the lefler, the remains which is the 4 fided 
figures 2 x and 3 « will be equal, and fo of the reſt. 


Lemma. 5, 


The ſame things being pur as before and in the ſame figures, 
if you draw the diagonal line DLMNO 4, compounded of 
an indefinite number of ſmall right lines, which in the 4 fided 
figure ADX49, divides in two diagonal wile all the ſmall 4. 
{ded figures, which are in the diagonal from the angle D even 
to 4, as appears in the figure, by the lines DL, LM, M N, 
N O, ec. 

I ſay, that the 4 fided figure ADX4 is divided in two, 
equally by the diagonal D QO 4d, 

'Tis not diffculr ar all in this place, to grant that the ſmall di- 
agonals which are from right lines, divide in rwo equally their 
particular quadrilaters, or 4 fided hgures, and thar the ditter- 
ence which is between the true diviſion and this,is not found con- 
{iderable, and ſeeing we may always find a lcfs magnitude than 
any given, becaule that the quadrilaters which are divided, are 
ſuppoſed indefinitely ſmall as is commonly accepted in the uſe 
of Indiviſibles. 

Now by that which is demonſtrated in the precedent Lemma, 
*us evident that the Quadrilater AL is equal to the quadrilater 
X R; In like manner the Quadrilater e M is equal to the Qaa- 
drilater 4 Q ; the-Quadrilater f N equal to the Quadrilater 5 P, 
and ſo of the rclt. 


Where. 
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Wherefore all the like Quadrilaters together on One ſide 


of the Diagonal DLMNOP, ec. will be equal to all the 


Quadrilaters on. the other fide. Bur the line DLNOP&4 
which divides diagonal wiſe all the ſmall Quadrilaters which 
are in the diagonal, is ſuppoſed to divide alſo in two equally 
all thoſe quadrilaters ; therefore this diagonal, which may be 
conſider'd as a crooked line, divides equally in two all the great 
Quadrilater A D X 4 ; which was to be Demonſtrated. 


Scholium. 


If we ſuppoſe that the point Y which is taken on. the dia- 
meter AD is infinitely lengthned from the circle A B D, there 
may be. right lines perpendicular to the Diameter A D, in 
ſtead of the Arches of circles, which paſs through the points 
DKIHA, of which AZ is one, which is pur equal to the 
circumference of the Semicircle A B D,.;and which is divided 
into ſo many equal parts, as. is the Circumference ABD ; 
and laſtly, inſtead of the mixt Quadrilaters, or 4. ſided figures, 
as thoſe before, you will have Parallelograms, which being 
equally removed from the Extreams, will be. equal , between 


themſelves, and thence ir follows likewiſe that the. diagonal 


which divides diagonal wile all the lictle Parallelograms, which 
are -from one angle to the other, will divide the whole great 


Parallelogram into two cqually. 
Lemma . 6. 


Fig. 169. The ſame things being put as before, if you make 
the Semicircle A B D to fet forward, ſo that the diameter A Þ 
be placed on the parr e8 of the Radius Y 8 e, and that the 
point A agree with the point e; 'tis evident that the point / 
of the diameter will agree, or be in the point L of the Radius 
Ye; Moreover if we make it to paſs even to the Radius Y f, 


and thar the point A fall on the point f, the whole . diameter 


AD will agree with the right line f 9, the point #2 of the 
diameter of the circle A D B will agree with the point M, and 
{o of the reſt : Whence *tis evident, that all the points of the 
diameter A D, as D/m n, &Cc. deſcribe the diagonal line 


DLMN 7. 
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Demonſtration. 

But if inſtead of removing the circle A B D, we concieve it 
to roul on- the baſe A b 4; when the point E of the circle is 
come to e, the diameter of the circle E 10, will be joyned 
with the right line e 8, for by the Hypotheſis the arches A E, 
A e areequal in length; and from the ſame, when the point F 
is come to f, the diameter F 11 will be joyned to the diameter 
#9, and ſo of the reſt. Burt if you mark the diſtances A /, 
Am, An, onevery diameter, as E 12, F 13, ec. itis evident, 
that while the circle ABD roulks on the baſe A b 4, the points 
I mn 7 pq of every diameter meet one another in the diagonal 
line DMNOPA4: For when the point A of the circle is 
© come toe, the point 12 on the diameter E 10 will be in L, 
becauſe that the diſtances 10, 12, D / are equal;. and by the 
fame reaſon the point 13 wiltbe.in M, &c. 

But moreover, when E 10-is-placedon e 8, and the point 12 
on the point L, the point D of the circle A B D will be in the 
point 14.0n the arch / 14 z: For the Semicircle 8, 14, e re- 
prefents the Semicircle E D 10; and as the arch 10D is equal. 
to. the arch D K by Conſtruction, when the point 10 by. the 
movement of the circle is. come to the point 8, the point D- 
will of neceſſity be on the point 14.in the arch LKL 14 z; fo 
that the portion L 14 of this arch will-be equal to- the Portion 
L K of the fame arch : Inlike manner, when the point 11 is 
come to the point 9, the ſame. point D. will be on the point 15 
in the arch -]M 15, fo that the arch M. 15 will be equal to the 


arch ml, &c. R | 
PROPOS. L 

Fig. FN the precedent Figures 'tis demonſtrated that the ſpace 
:59.K of the moiety, or half of the Epicyc/oid, A b d 17, 16, L5, 
D, is. equal to the half ofthe Quadrilater Abd XD, joined to 
the generating; ſemicirck A.B D, | 

Fig..173. I have ſhewn before that the line D MO Q 4 di- 
vides the mixt quadrilager Avd%D in two equally, it re- 
mains then. to. demonſtrate that the fpace D LO Q9.17, 16, 
15, D, contained by the line DMO Q 4, and-by. the half of 
the Epicycloid. D, 15, 16, 17,4, is equal to the generating ſcmi- 
cucle DBA. : 

By conſtruRion, the whole generating ſemicircle is divided 
intv mixt Q iad;iluters, 8s ml cm, and into IWo ilined,. ot 

8 lined 
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3 lined figures DK/, rE A: Burt alfo the ſpace DMOQ 4 
17, I6, 15, 14, D, is divided by the ſame circles deſcribed from 
the centre Y, into ſo many 4, ſided, ard ; ſided ( or 3 lined) 
figures, as arein the generating ſemicircle ; ſo that the arches 
of every Circle contains ſo much in che generating circle 
which in the ſpace are equal between ren as the arch 
M 15 in the ſpace is equal to the arch M / in the ſemicircle, 
which is evident by the formation of the Epicycloid : Where- 
fore the mixt Quadrilater, as L 14. 15 M in the ſpace is equal 
to the mixt quadrilarer LK/m in the ſemicircle, for they 
have the ſame breadth, and are inclofed in equal arches : But 
each of theſe Quadrilaters equal in the circle and in the ſpace 
being confider'd as Indivifibles of the one and the other, it 
will follow that the ſpace will be equal to the ſemicircle; which 
was to be demonſtrated. 


Scholiam. 


Keeping to the ſame Demonſtration, if we ſuppoſe that the 
point Y is infinitely removed from the baſe A 4, which baſe 
is 4 right line in this cafe, and the Quadrilater A4XD is a 
rectangle, which is then equal ro the generating ſemicircle 
ABD taken 4 times, as appears by its generation : Where- 
fore the ſpace A bd 1y, 16, 15, D, will be equal to the ſemi- 
Circle A BD, taken twice together with the ſame ſemicircle 
which is equal ro a ſemicircle taken 3 times ; the line 4 16 D 
in this Caſe is Called Cycloid, or Trochoide, and ſometimes a little 


wheel. 
PROP ON I 


THe ſpace of the outer Epicycloid is to its generating circle, 

as 3 times the diameter of the Circle which is the baſc, 
together with 2 times the diameter of the generating Circle tv 
che diameter of the circle of the baſe. 

Bur the ſpace of the inner Epicycloid is to its generating cir- 
cle, as 3 times the diameter of the circle which is the baſe, 
leſs 2 times the diameter of the generating circle, to the dia- 
meter of the circle, which is the baſe. 


M m 2 Of 
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The Dimenſion of the Lines of 
Epicycloids. 


Of the touching of Epicycloids, 
Lemma I. 

Fig. my the circles be EBF, FH which touch eack 
other outwardly in F. — Join'd the cen- 

tres K C by the right line EK C whica pales by the point of 
conta#t, or touching F; from the extream E of the diameter: 
FE, draw a right line E B, prolonged to the other circle in H. 
I ſay, that the arch FH 1s greater in length than the arch FB. 


Lemma 2. 

Let the 2 circles be EBF, FHI, which touch each other in F, 
from the centre K of one of the circles draw the line K B 1, 
meeting them both in B and in I. 

I fay, that the arch FHI is greater in length than the arch FB, 


PROFUS 
Problem. 
To find the point of Contatt, or touching of the outer Fpicycleid. 


Fig. T- the outer Epicycloid be G H M, whoſe baſe is rhe 
I75. Circle G A, deſcribed from the centre C. And l:t the 
generating Circle I HAD of the Epicyclyid be placed in tuch 
manner, that the deſcribing point H be on the Epicycloid in 
that point in Which the touching 1s made : It by the centre 
C of the circle of the baſe, and by the centre O of the genera- 
:ing circle you draw the right live CAO], and by the ex- 
team I of the diameter A 1 you draw the right line TH to- 
the point i. 

I fay, the right line I H. touches the Epicycloid? in the 
point H. 

Lemma JF. 

Fig. 196, Letthetwo circles beF AE, FR D which touch 
2aCh other in F, having their convexitices of the fame 1ide, and 
that the centre C of the circle FR D be out of the diameter F E 
of the cixcle FAE; having drawn a right line E A D- from 
the extreaim or erd E of the dianicter F t, which cuts the Cir- 
ti F A E inthe point A, and the circle F R D in the point D. 

L tay; 
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_ I fay, that the arch FRD is more in length than the arch F A. 


Lemma 4. 
Fig. 197. Let the two circles be F'S, F R which touch in F; 
and that have the convex parts of the ſame fde, and ler the 
centre C of the greater be on'the diameter of thelefter length- 


ned; if you draw the line C R D from the centre C which 


cuts the 2 Circles in R and D. | 
I ſay, that the arch FR of the leſler is greater in lengrtle 


than the arch F D of the greater. 


PROPOS... I 


To find the touching of the inner Epicycloid. 


An Aevertiſement. 

Here are three kinds of inner Epicycloids ; the firſt is when 
the Diameter of the generating circle is leſs than the ſe- 
midiameter of the circle which is in the baſe; the ſecond, when 
"tis equal ro it ; and the third, when 'tis gteater; we have ſhewn 
at the end of the Dimenſion of Epicycloids, that is among the in- 
terior or inner, that thoſe that are of the firſt and third kind or 
ſort, are the ſame; for thar whoſe diameter of its generating 
Circle is leſs than the ſemidiameter of the circle of the Baſe, is 
the fame as that which on the contrary, the Diameter of its 
generating circle is greater than the ſemidiameter of the circle 
of the Bate, if the circle of the baſe is the ſame, and that the 
generating Circle of this laſt, have its diameter equal 60 the dit- 
ference which is between the diameter of the Bate, and the di- 
amceter of the generating Circle of tie firſt; wherefore EF ſhall 
fpeak only here of thoſe Epicyc/oids,, whoſe diameter of. the ge- 
nerating circle, is leſs than the | ſtmidiameter-of the circle of 
the baſe. For that which is of the ſecond kind- of, inner Epz- 
cycloids, "tis 2 right line equal to the diameter :of-the. circle: of 

the baſe. | Ws 
Fig. 178. Let the inner 7piczc/oid be M H, whoſe baſe. is- 
the circle A BM, and us centre in C, and let the generating. 
circle I H A of the Fpricyclcid, be. placed on the baſe, thar: 
the point deſcribing H be on the Fpicycloid, From: the centre 
C of the baſe having drawn the raczus C A''ta the point rolich- 
ing A, of the zencrauing, circle with the batc;. whith: paſles-al- 
fo by tle centre of the Cizcte, I fay,. 
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I fay,that the right.line I H drawn from the extream I of che 
diamecer of the generating circle to the deſcribing point H, 
Wiil iouch the Epicycloid in the ſame point H. 


Lemma. 5. 


Fig. 179. Let the ſemicircle. be $ T A R, whoſe diameter 
is SR, and let the circumference be divided into avy number 
of equal parts that you pleaſe, fo they be even. From the 
points cf Diviſion having drawn the perpendiculars to the dia- 
\meter SR, and the touchings. as T B which are terminated at 
the neareft perpendicalars'which are benearh. 

[ ſay, that the ſum of the touchants, as T B, without coun- 
ting the firſt which is infinite being drawn by the point S, and 
the laſt; is greater than the circumference 'of the ſemicircle, 
without counting the firſt and the laſt arches of Divilion. 


Lemma 6. 


.. The ſame things being put as in the precedent Lewmn, it 
may be demonſtrated, that the diviſions of the circle being in- 
definicely fmall, the ſum of the Touchants cuting as thofe be- 
fore, without having regard to the firft and laſt, differ not ſen- 
ſibly from the circumference of the circle, leaving out the firſt 
andlait arch of Divition. 


Lemma , 7 


The ſame things being as before, ir may be demonſtrated 
that the ſum of the parts as A_B which are cur off from the 
pexpendiculars of the Diameter of the circle, between the cir- 
cumference- A: and that which is cut off B of the upper tou- 
chance TB, which is che neareſt, may be found leſs than any 
fſmalbquantity. which may be propoſed, and by conſequence 
the points as B, may be conſidered as on the circumterence of 
the circle. 

My Lemma 8. 
. "Fi 129. In the circle D H B whoſe centre is C, and the 
douche D A in D, terminating in the Radius C BA lengrh- 
ned 3 
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ned ; having divided the arch D B in two equally in H, and - 
having drawn C H G terminated by the touchant D A. 

I ſay, that the double of the touchant D G, or which is the 
ſame thing, that two rouchants together D G, H R, rouching 
in the points D and H, and terminating at the radiuſtes C G, 
C A, are greater than the arch D H B, bur that the diiference 
of theſe ſame touchants from the arch DH B is left I{s than the 
half of the difference between the rouchant D A and the fame 
arch D B. 

Burt as in the continual Biſe&ion of arches, we may d-mon- 
ſtrate always the ſame thing, it follows, that we may find a: 
ſum of rouchants terminated at the Radij, which pait ri;:rongh 
the points touching the next following, which will ditter from 
the circumference of the ſemicircle leſs than any quantity 
propoſed; and by conſequence theſe touchants may be con- 
tidered as the arches of che circle .in a diviſion indefinitely 
ſmall. 

Lemma 9. 


The fame things being as in the precedent, I ſay, that the 
fum of the portions of the mY G, B R, contain'd between. 
che touchants and the circle is leſs than the moiety or half of 
the portion B A of the Radius contain'd.berween the circle and 
the touchant D A; and for as much as this diminution which 
is augmented more than half, will be always by the continual 
biſeCtion of Arches, *tis evident that we may find a quantity 
which will be the difference of the Radij between the touchangs 
and the circle, which will be leſs than any ſmall quantity. pto- 
poſed ; whence it fullows,that in the diviſion of the circle into 
indefinite ſmall parts, the meetings of the rouchants with the 
Radij may be confider'd as it: they were on the circumference 
of the circle. | 


Lemma 10. 


'Tis faid'in the 6th. Lemma, that in the divifions of a Circle 
mdefinitcly ſmall, the portions of the circumference differ nor 
tenſibly from the rouchants, being lellen'd by the method pro- 
poſed ; and that theſe touchants may be taken for the arches af 
the circle, we.may now demonſtrate the fame thing inthe Epi- 
cycloids, and in the Cycloids. 


Lammes 
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Lemma 1T. 


Fis. 181. The ſemicircle B D A being divided into . parts 
indefinitely ſmall as D F, and by the points of diviſion as F, 
having drawn the lines M F Z perpendicular to the diaineter 
A B, and by the extream B of the diameter A B, and through 
all thoſe points of diviton as D, having drawn the right lines 
B D M terminating in M 1n the perpendiculars M F the near- 
cit ro the loweſt. 

Ifay, that the ſum of all the portions, as D M of the lines 
B D M io the femicircle, is equal to the double of the diame- 
rer A B. | 


PROEQS. 1. | 
Say, that the bignels of the crooked line'of the outer Epi- 
cycloid is equal ro the right line, which hath the ſame rea- 

ſon or proportion to the diameter of the generating circle ta- 

ken 4 times, as the fum of the diameters of thetwo circles, to 
wit, of the generating, and of that of the baſe; ro the diameter 
-of the ciucle of he baſe. +, IS 


- 46-0 PROPOS. TV. 


T*He crooked line of the inner Epicycloid is equal to the 
4 right line, which is to 4 times the diameter of its gene- 
ating Circle, ' as the difference of the diameters of the citcles 
of the biſe/and of the Generarour, ro the diameter of the cir- 
cle of thie baſe. | 


PROPOS. V. 


Fig. my the firſt place, I ſay, that when the Diameter 
of the generating-.circle is equal to the dia- 
meter of the circle of the baſe, the Epicycloid degenerates into 
'a right line fince, 'tis nothing but the diameter of the Circle. 
"Secondly, If the diameter A B of the generating circle of the 
inner Epicycloid, is: greater than the femidiameter CB of the 
Circle-of the baſe, bur leſs than the whole diameter; I ſay, 
-rlizt the'inaer' Epitycloid- is the fame as thar which is _— 
37 447 95... hed 
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bed by the circle D E F, whoſe diameter D E is the difference 
between the diameter A B of the generating Circle, and the 
diameter G B of the circle of the-baſe, and the diameter D E 
will be lefs in this caſethan C B, we may find the bigneſs of 
this- Epicycloid by the 4th. Propoſition. 

Thirdly, if the generating circle have its diameter greater 
than thart of the circle of the baſe, the Epicyc/oid which will be 
deſcribed by the generating circle will be an outer Epicycloid, 
which will be the ſame as the Exterior which will be de- 
ſcribed on the ſame baſe, by another circle whoſe diameter 


is equal to the difference of the diameter of the generating 
Circle and of that of the baſe. ; 


Lemma It. 


What is ſaid at Lemma 11. touching the likeneſs or propor- 
tion of DQ to D M towards the parts of the baſe of the Epicy- 
cloid, will be the fame as for the parts above the point D. 

This Popof. is evident, fince we may make the triangles alike 
with the parallel lines on both ſides the point D, as appears in 
the Figure. 


Lemma 13. 


Fig. 18z. Let the Semicircle be A M CI, whoſe circumfe- 
rence divide into parts indefinitely ſmall as C1, I X, from the 
points of diviſion CI X having drawn the perpendiculars C B, 
[ E, XR to the diameter A M, and the Chords AC, AI, A X, 
which meet with the Perpendiculars of the neareſt diviſions 
trom above to the points FR. 

I fay, in any Segment of the circle which you pleaſe, thar 
all the portions together of the Chords, as CF, I R, contain'd 
berween the circumference of the circle and the upper perpen- 
dicular, are equal to the double of the Chord A C; and by the 
{ame reaſon ail the portions taken together in the ſemicircle, 
are equal to the double of the diameter, which is alſo the 
Chord of the ScmicitrCle. 


PROPOS. 


274 | Mechamck Powers. Book X 
PROPOS. VL 


Fig. FN the Fpicyc/oid Þ D, whoſe top is P, and any arch Þ D- 
x84. from its rop, the generating circle BD A being put fo. 
that the deſcribing point be in D, and that the diameter A K 
B in this Poſition tend ro the Centre C of the baſe. 

I ſay, that f we make it, as C A the radius of the. baſe, is. 
10 C K compolcd of the Radius of the baſe andof the Radius of 
the generating circle, ſo the double of the Chord: B D of the 
arch BD of the generating circle which anſwers to the arch: 
P D of the Epicycloid, is to a fourth Proportional, that line 
will be equal to the arch Þ D: of the Epicycloid. 


Of the motion: or rouliug of Epicycloids,and of the Cycloid, 
| Eemma.. 


Fig. F ET the line DTEB be always crooked on the ſame 
r8;. £4 fide about which apply a flexible line ; if we open 
or unfold part of this applied line, ſo that its-paxt A B betwen 
irs extream A and. the curve in B be ſtretchr out, then by con- 


fequence it will be a ſtreighr line. | 
I fay, that the right line A B couches the curve or crooked' 


in the point B, from whence it begins to extend it felf. 

The line deſcribed by the end A of the flexible line which 
is always ſtrexcht out in its opening, is ſaid to be deſcribed by 
the rouling of the curve DT FB. 


PROPUS + 


The Line deſeriled by the roaling of an Epicycloid,. is au 
Epicy cloid. 


Fig. hy T the Epicychoid be B D L, its generating circle FD F, 
L565. its cenere P, and whoſe circular baſe is AEL and 
the cerrre C, the rop of the Epicycloid ler be the point B. 

If fromthe centre C and the Semidiamerer C B we deſcribe 
the cucle B F M, which let be the baſc of the Fpicycloid B G K, 
whoſe generating Circle will be F GH, which has for its dia- 
meter FH or B1, which may be determin'd by ſaying, as CA 

1 
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istoCP, fois 2EFor2 AB, to a fourth propottional E H 
or AI; and having taken from ATI the diameter A B of the 
generating Circle, there remains BI or F H, which will be 
the diameter ſought. | 

I ſay, that the Epicycleid B G K is deſcribed by the Roling 
of the Epicycloid B D L. By conſtruttion, and by the prece- 
dent Propoſitions of the dimenſion of the lines of Epicycloids, 
ir appears that the Curve of the Semi Epicyc/gd B D L is e- 
qual to the right line A Ior L EK. 

Now let the fiexible line be fitted about the Semi-epicycloid 
B D L, of which the portion from the point D even to the t 
B will be extended in the right line D G; this right line D G, 
by the precedent Lemma touches the Epicycloid in the point D; 
Wherefore if we put the generating. circle of the Epicycloid 
in the poſition F D E, or the deſcribing point being in the point 
D; it is certain by the property of Touchants of Epicycloids that 
che right line D G toucham;, paſſes through the extream P of 
the ———— E F, in the poſition F DE of the generating 
Circle, 

Having prolonged C EF to H in the circle I H K concen- 
crique in the circle of the Baſe, which is deſcribed on the 
Semidiameter C1; on F H for a diameter deſcribe the Semi- 
Circle F g H. I have demonſtrated that the extream G of the 
flexible line ſtretchr our fromthe point D, will be on the circle 
F g H. 

If the point G is not on the circle F gH, and the righe 
line D F G meet, if it may be the circle F g H in any point g; 
then draw Hg; becauſe of the Semicircle F g H, the angle 
F g His right, and the reangled Triangles E DF, F gH will 
be like, becauſe of the equal angle at the point F. Wherefore 
EF will betoFH, as FDto Fg; and being compounded, E F 
will be to E F more FH, thar is EH, as DF to D F more 
Fg, thatis Dg; and by doubling the Antecedents 2 E F or 2 
A B, they will be oEHorAl, as 2 FD toDg. 

By Prepoſ. the 6th. of the dimenſion of Epicycloids, and by 
conltruftion; as 2 ABareto AI, fo CA is to CP : But as 
CA isto CP, ſo is the double of the Chord D F to the 
bigneſs or Magnitude of the portion DB of the Epicycloid, 
which portion by the roling is equal to the right line D G: 
Wherefore by equal reaſon 2 A B areto Al, as 2 DF are to 
DG. But Icome to A that 2 AB arctoAl, as 2 

n 2 FD 
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FDaretoDg; thenzDF are toDG, as2 FD are to'D x, 
and by conſequent D G will be equal-to D'g : then the point s 
of meeting of the right line D F G, and of the circle F g H,will 
be the extream G of that line. 


It remains now to demonſtrate that the point G is in the 


Epicycloid B K, whoſe generating circle is F GH. By con- 
ftruction C A, is to CP; as 2 AB are to A I; by dividing, 
CAistoCy IſfsC Athatis AP, aszABroAlleſs2 AB; 


but by doubling the Conſequents, CA is to 2 A P which &: 


equal to A. B, as ro 2 ABtotzATleſs 4A B; and-by com- 
pounding, CAisto CA more AB that 15 CB, as 2 AB to 
2 Alleſs 4 A B more 2 AB; thatise AI leſs 2 AB, or only 
2 BI, as-it appears in the figure: 

But in taking the half of che Ferms of the laft proportion 
CAiStOCB, as AB ro BE: But allo asCAisroCB, ſo is 
the length of the arch A E to the length of the arch BF. 

Now by the generation of the Epicicloid BD I, tite arch of the 
baſe AE-is equal in length to the arch of the generating cirde 
FD; but becauſe that therwo circles FDE F GH touch each v4 
ther inF, the lineD FG cuts the two arches alike FD, FG, whoſe 
lengths keep between themſelves the ſame ratio or proportion as 
thoſe of the Cho:ds FD, FG, or thoſe of the diameters FE, FH: 
Then the arch F D is tothe arch F G, az FEto FH; or as AB 
two BI, which isalſo 5 CAro CB, or as thearch AE to the 
arch BF: Bur the arch AE 1s equalro the arch F D; then the 
arch BFis equal to the arch F G of the circle F G H, and by 
confequence the point G is that which deſcribes the Epicycloid 
BGK; which was to be demonſtrated, 

For the inner Epicycloids we may demonſtrate the ſame 
thing, only changing the form of the proportion : And for 
the Cycloid "tis ealy to behold by the ſame demonſtration, that 
the line Which is deſcribed by its rulrg, is the Cyclvid equal to 
that which + roled. 

Corollary I. 


Hence # folows allo by Hypcrve/'s that the 3lines CA, C 3 
C 1 are continual proportionals: For CA1s to CPastwo AB 
to Al, in dividing and doubling the Conſequents, C A will 
be co2CPleb 2zCA, as 2 AB 0 2 Al les 4A B: But 2 
CPleG 2 CAareequalioz APorto AB; andas 2 AB ro 
2Alkif4AB, fo AB to All ks 2 A B; wherefore CA is 


to. 
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ro ABasABtoATleſs2 A B: Butin compounding, C A is to 
C A more AB which is ecual-ro CB, as AB ro A B more 
Alles 2 AB, which is equalto B I; and by Altern propor- 
tonCAistoAB, as CB to BI; laltly, beirg Compounded 
CAistro CA more A B which is equal to C b, asC BroCB 
more BI which is equal to C1. 

Corollary ,Y. 


'Tis evident as yet that the line which is deſcribed by the 
roling of a circle, is the laſt of all rhe: outer Epicycicids,. that is 
to ſay, that whoſe centre of the generating Circle is at an 
infinite diſtance; or that which is deſcribed by the end of a 
right line which roles about a circle in the Touchant, which 
doth agree with the roling of the circle. | ; 

*Tis eaſy ta demonſtrare that the ſuperficies of the figure of 
chis kind of Epicycloid, when the deſcribing; line runs over the 
whole circle of the baſe, or that it comes again to the ſame 
thing ; The figure deſcribed by the roling of the whole circle, 
without comprehending the circle which makes the roling, 
is equal to one third of the. circle , which hath for Radius the 
circumference of the circle of which the roling is made. 
'Whar I ſay of the whole circle, the fame is inter.ded of every 
part of this - Figure.;_ .For the figure deſcribed by the roling of 
any arch of a circle, without comprehendirg any thing of 
that circl-, is equal ro + of the Sector of a circle, which has 
for Radius the circumference of that arch, ard of which the 
arch is like to thar of which the roling is made; It will be alfo 


the {ame thing for the, roling of a greater arch, and. of the 


whole circle. For that which is .the crooked line of this 
Epicycl,id, or Of that which is deſcribed by the roling of an 
whole Circle or of any arch, which ſhall be always equal to 
half of the circumfererce of the circle or af the arch of which 
we take + of the ſuperticie, for the ſuperticie of the Figure de- 
{cribed.by the roling. 


PROFUE K 
Of the uſe or advantage of Epicycloids in Mechanicks. 


Fig. Y ET the right line AD be a determined: length, and 


157. movable on a Plane avvur its extream A ;. and on the 
{ame plane let there be.anvther right line C B, indeterminate 
= [OWards 
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towards B, and movable on the plane about its extream C: if 
the Extream D of the line ADisledintoE and R, by the line 
C B,. which [moves it felf on the point C. 

I fay, that if the lines A D, CB, be placed on the line C A 
which joins the Centers of movement, ard the points D and 
B be put one upon another, there will be two powers equal 
berween themſelves, which will act with all their force on their 
lines in the points D and B, that is to fay, ( with direction ac 
right angles ) theſe powers will bein Equilzbrio; bur it the lines 
change their pofirion, as AD into A E, and CB into CBE, 
the Powers equal to X being applicd always in the ſame man- 
ner to their lines, and to the ſame places, they will be no more 
in Equilibrio, but to make them in Equilibrio, we muſt have 
another power Y greater than X applied in B, on CE, and 
this Power Y ought to be ſo much greater, as the line CB E is 
removed from C A. 

From the centre C and Semidiameter C D or CB, having 
defcribed the circle BB, 'tis evident that CE is greater than 
CB. Bur from the point E having drawn E G perpendicular 
woAE, and E F M perpendicular ro CE, and by the point A 
having alfo drawn H A M parallel to C E, if from any point F 
of the line E F we draw the line F G parallel tro C E, the two 
triangles F E G, ME A will be alike, for,they are re&tangled, 
and their angles in the point E are cqually together to a right 
angle, becauſe of the right angle A E G. 

If we ſuppoſe now the part E F indifinitely ſmall, *tis evi- 
dent thar the line C E cannot be moved from E to F abour 
the point C, without cauſing A E to move to G about the 

int A. Burt it follows from the Laws of Mechanicks, that to 
make an Equilibrio between the power X applied to the ex- 
tream or end E of the leaver A E, which moves according as 
the line E G, and between the power Z applicd to the end E 
of the leaver C E, which moves according to the line EF; it 
is neceffary that X be toZas EF to EG, thar is to ſay, as 
AM to A E: In fine, if we ſuppole the power Y applied ro B 
on the leaver CE in the point B, 'tis evident, that to make an 

ilibrio between Z and Y, it is neccllary that Z be to Y, as 
CBto CE: Ir follows theretore, that for to make an Equili- 
brio berween X applied to E on the end of the leaver AE, and 
Y applied in B on the leaver C E, it muſt be that X muft be 
to Y in the compound proportion, of A M to A E,and of CB 
(Ce) 


UMI 
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to CE, which is the ſame as that of the reRangle A M, C B, 
to the retange AE, CE. Bur in the reCangle triangle 
AME, the fide A M will be always leſſer - than the Hypote- 
nuſe AE; and by conſtruttion C B will be alſo always leffer 
than C E, whence it follows, that the power Y will always 
be greater than the power X, and that the more the lines 
CE, AE are removed from the line A C which joins the cen- 
tres of the movement, the more the power Y ought to be 
greater for to make Equilibrium with the power X. 

Fig. 187. We may likewiſe demonſtrate the ſame thing af- 
ter another manner, in keeping to the common principle of 
the ballance, or kaver. For it on M A lngthned, we take 
A H equal to A E, and confider CE and M A H as two hori- 
zontal Leavers, the points of whoſe props are in C and in A, 
and that the end E of the leaver CE have a weight called Z, 
this weight will have the ſame endeavour on the point E of 
the elbow leaver HAE, as on the point M of the right lea- 
ver Or. ballance H A M. For 'tis evident, that the weight X 
in the point H, will be to the weight Z, as AM to AH, or 
AE its equal. But now if inſtead of the weight Z applied in 
E on the end of CE, we ſubſtitute a weight Y applicd to the 
point B of the ſame leaver CE, for ro make the ſame endea- 
vour as Z in E, it will be, that Y will beroZ, as CE tro CB: 
Then the weight X will be to the weight Y for to make an 
Equilibrum in the compounded proportion of A M to A E, and 
of C B toCE, as before, whence follows what was propoſed. 


C orollary bs 


It follows from this demonſtration that a power applied in 
B to the end of the Leaver CB, will nor a& equally a- 
gainſt another power applied in D to the end of the line A D 
in the meeting of its extream ND, when theſc lines are different- 
ly poſited, their powers will always be applied in the ſame 
points of their lines CB, A D, and they will a& perpendicu- 
larly ; Bur then one mult be fo much greater as the line C B.is 
more removed from C A. 

If you intend the contrary, the power which aCts muſt be 
applied to the end D of the line A D; for this force or power 
ought to be leſs when the line AD is more removed from 


A C, than when 'tis neazer, 
PROPOS» 
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PROPOSM 


Fi. 187,*T* He ſame things being put as in the precedent, 

"888. I tay, that it on the circumference of the Cir- 
cl B B as a baſe. we defcribe the Fpicycloid 'B H, whoſe gene- 
ra ing Circle is D E R, and Radius theline AD, the crooked line 
of this Epicycloid being Join'd to the Rzdivs C D of the baſe, 
and not making with it the ſame mixt line, as in the poſitian 
where. it was deſcribed, in any place which CB is placed out 
of CA; and the end D of the line A D, being put on the E- 
picycloid in E, the power Z which is applied in E, at the end 
of AE, as 'ris in the precedent propotition, will be in Equi- 
librio with the ſame power Z, which is applied inB to the 
end B of the line C B, and which acts on the point E by 
means of the curve of the Eyicycloid B E. | 

Fig. 188. *'Tis eaſy to ſee in this figure by the forming of 
the Epicycloid, _ that in any pofition, which the live C B is 
in, which is joined ro the Epicycloid, che Arches B B will be 
always equal in length ro the arches D E of the circle DER; 
wherefore let C B be in any place, and the power applied in 
B cannot move it ſelf through one arch B B, without moving 
che other force applied in E on the end of the leaver A F, by 
an arch E E equal in length to the arch B B ; whence ir follows, 
that the powers being equal they will remain in Equilibrio; 
which was to be demonſtrated. 

Fig. 189, We may alſo make this Demonſtration as in the 
precedent propoſition ; and we ſhall find that the ſame me- 
thod which is managed in the inequality of powers, will lead 
us here to equality by compounded Reaton: For it we ſvp- 
poſe that the end E of the leaver A E hath the power XA, 
which acts according as E G perpendicular ro A E. ard thar 
in the pot E arthe end of CE, there be a power V which a&s 

- according as E F-perpendicular to CE; 'tis evident by the 
nature of rhe Epicycloid, that the line N E drawn by the end 
N of the diameter DAN to the point E, will rouch the Epj. 
cycloid in that point ; and that as when the point E of theend 
of the leaver C E ſhall have run over a ſpace EF indefinitely 
{mall, the ſame point E of the end of the leaver A E will be 
come to G, where the'line FG, parallel tro E N, meers F G 
perpendicular tro A E; for the ſmall portion F G of the Touch- 
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Book X-. Mechamck Powers: 29r 
ant;:E N may be conſidered as the ſame curve. Bur having 
drawn F C which meets the eircle BB in L, the arch S L of 
che circle BB between CE and CF, will be equal in length 
ro E G by the nature of the Epicycloid ; for when the point 
E of the Epicycloid ſhall be come to G, the beginning of tha 
Epicycloid B on the circumference of the circle B B will be- 
come to Q; fo that the arch B O will be equal toS L. 

The Power X runs over then the ſpace E G, when the pow- 
er V runs over E F, and for to make an Equilibrium berween 
theſe two powers, it muſt be, that Z muſt be to V, as EF to 
E G, that is to ſay, in reciprocal reaſon of the ſpaces run over. 
But laſtly, if we ſuppoſe the power Y in the point S, or in the 
point B, on the circumference of the circle B, and that it makes 
Equilibrium with the power V, it will come to paſs: that V 
will be toY,asCB to CE; then the power X will be to the 
power Y, in the compound reaſon of E F to E G, which is the 
fameasE Fro SL, or that of CEtOoCSorCB, and of C Bro 
CE. But this compounded reaſon is a reaſon of Equality, where- 
fore the powers X and Y ought to be equal for to make Equi- 
librium between themſelves, being applied, as we ſuppoſe, 
which was to be demonſtated. 


Corollary. 


That which I come to demonſtrate of the Epicycloid de- 
ſcribed on the circle B B, for its baſe and for its generating Cir- 
cle D E, whoſe Radius is A D, the meaning is the ſame, if the 
Epicycloid be deſcribed on the circle D E for the baſe, and 
chat the generating circle be the circle B B, and its Radius C 
B; for the movement or motion Will be always equal from 
one tide or tother, 


FROFOS 


How to make the Application of motzon equal to Engins. 


Fiz. 190.J Et there be a circle B O L whoſe centre is C, 

and another circle D E F whoſe centre is A : 
On the circle BOL, as a baſe, and for a genenerating Circ:e 
DEF, deſcribe the Epicycloid B V H, and divide the circun'« 
ference of the circle B O L into any number of parts, as here 
| QO 0 int 
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Into eight in the points BK L, &«. and to each of theſe points 
apply a portion of the Epicycloid B V H, in KI, LM, which 
will be the ſame as if the Epicycloid had been deſcribed, 'be- 
ginning in the points K L, ec. Sol 

We may likewiſe take as great a portion of the Epicycloidq 
as we pleaſe.as B V H, and by this means make the diviſions of 
the circle leſſer or fewer. The figure B V H G may be the tooth 
of a wheel which may be limitted by the right line H G; which 
tends to the centre C of the circle, or by any other line as you 
pleaſe, which-is indifferent, ſince this part of the rooth doth nor 
caufe any effect. We may allo hew a little the ſpace between 
two teeth, as D Ng, to give the more liberty to the meeting 
of the parts of the other wheel D E F. os 

We may then form a wheel on the model of a circle with 
Hs teeth; and make it move on the centre C. ©. a 

Now. if we apply another wheel to the hinder part of ir, 
whoſe centre is in the point A in the Horizontal line A C, ard 
that inſtead of teeth, on the circumference O E F, we apply 
_ only in this example the pegs or pins of wood DE F, e*c. 
which we ſuppoſe indefinitely ſmall and perpendicular tothe 
plane of the wheel ; *Tis certain by the precedent propofition, 
that in any poſition that we place the wheel B O L whole tceth 
meet the pins of the other wheel DEF, they will be in Equi- 
librio, if the moving forces applied to the Circumferences of 
the rwo wheels be equal between themſelves. 

Ler then for this efts& a weight Q be hung from the cir- 
cumference of the wheel B.O L, equal to the weight R, hung 
and applied to the circumference ot the wheel-D E ; theſetwo 
weights will then abide always in Equilibrio in any manner 
that the teeth of the wheel B O L meet the pins of the wheel 
DEF. 

Bur if we apply a weight P to the circumference of anotker 
wheel $ T, which hath ics centre common with thar of the 
wheel] BOL, and which is faltned with it, this weight ÞP will 
be to the weight Q, as CBro CS, the wright ÞP will be (til 
in Equilibrio with the weight R, in all the different mectings 
of the two wheels; for che weight Þ making Equilibrium 
with the weiglit Q, it will alſo be in Equilibrio with the 
weight R. 


Pro, 


PROPOS. IV. 


Hings being diſpoſed as in the precedent, I fay, it mat- 

. ters not whether the diviſions of the wheel B K L be e- 
qual between themſelves, that is to fay, that the teeth be e- 
qually diftant one to another, nor the pegs DE F on the cit- 
cuinference of their wheel. 

Ir matters not whether ir have one or more teeth of the 
wheel B K L, which a& all together on the pins of the wheel 
DE F, for there will be no more but the ſame force which 
will be applied againſt that of the wheel DE F. If it have 
but one, as B VH, all the force of the weight P; will act againſt 
thar-of rhe'weight'R,' in meeting with the peg D. Y 

. Fig. 190.” If you would have two together, as BV H and 
K 1, of which the firſt ats on the peg D, and the other on 
the peg FE, 'tis evident by the conftruQion of theſe teeth; that KI 
will: have as much force or power-on the"peg.E 'againſt-rhe 
weight R,'as B V H'on the peg D againſt the fame weight R; 
and by conſequence the force of-rhe weight Þ diſtributes it 
ſelf equally to theſe two teeth, each of which counter-ballan- 
ccs the moiety of the weight R*:' It will be the ſame thing, 
it you have three or more which act all cogether. 

Thus it matters, not if you have - one or more teeth which 
work all rogether, and *tis indifferent what parr of the tooth 
meets the .peg againſt which it aGts, ſince it will have always 
the ſame foxce ;, which was to be demonſtrated, 

PROPOS, NV, 

"He Engin being diſpoſed, as before, for to make an Tqui- 

_ librium, between the two weights P and R ; I ſay, that 
if you, augment the moving force of the, wheel BKL ; or, 
which 3s:the ſame thing, it you add ſome weight Z to the 
weight P, this force, or this new weight will a& equally in 
all the different encountrings or. meetings of the toothed wheel 
EKL with DEF, on the force, or on the power ; or laſtly, 
on the weight R applicd ro the wheel DEE. 

Since to make ay, Equilibrium between the weight P, aug- 
nented -by . the, weight Z, and the weight R, you mult 
augment. the weight -R, with ne WO Y, which mult be to 

PPUINOBLg gn 2. | Tg 
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rhe weight'Z ( which. makes the augmentation of the weighr 
P)asCStro CB, and then: the two weights.R and Y toge- 


ther will make through all an Equilbrium with the two weights. 


P and Z together ; *tis evident, that in any poſition which 
_ theſe two wheels are in, the weight Z will be always in 


Equilibrio againſt the weight Y ; and by conſequence the two) 


weights P and Z rogether prevail always with the ſame force 
againſt the one weight R, which is meaſured by the weight Y, 
fince it wants this weight ro make the Equilibrium; which was to, 


be demonſtrared. 
PFROFOSE 


X 7E may place the Superficie of two Wheels in the ſame 

/ Plane, and- inſtead of the pegs-or pins which ſhould* 

be faftned'on the Wheel D-E F, we may make the teeth art the 

end: of this Wheel, and give them what Figure we pleaſe: Bur: 

then. the-teeth ofthe other Wheel-whoſe figure will be in the 

Epicycloid; ought. to. have a figure compoſed. of thoſe of: the 

Epicycloid and. thoſe of the;teeth propoſed; this compounded 

figure forms it ſelf, as I ſhall explain in the. following Ex- 
amples.. | 

Example t.. 

Fig. 191. The moſt ſimple of all Figures is the Circular; 
wherefore I propoſe ar firſt ſight the figure of the teeth of the- 
Wheel BEF ina circle. Ler the wheeFbe BE F, whoſe centre 
isin' A, which hath its teerh of a circular Figure, as B O-P, and 
whoſe centres will be on thecircle-DG M, which hath itscentre: 
common with thoſe of the Wheel A; ler the centre of the other 
Wheel be C; having drawn the right line C A which joins the 
centers of the two Wheels,and which meets with the circleBE F 
in B, from the centre C, and wtth the Radius C D deſcribe the 
circle D I, on which asa baſe make the Fpicycloit D V H, which 
harhD'G M for its generaing circle. Now if from all the points 
DV H, of the Epicyctaid, as Centers you deſcribe the circles 
O N L equal to the circle which forms the teeth of the Wheel 
BEF, the crooked line ON L which rouches alt the circles, 
and which will be ParalleFro the Epicycloid, will form the 
5gure of the teeth of the Wheel BK, that is ro fay, that part 
of the tooth which acts againſt the part, of the circular rooth 
which it meets in its motion, for ro the other-parts of the teerh 
which ir meets:not-with; F have already ſaid-that rhey may be 
made- 
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made of what Figure you' pleaſe ; bur' you ought- always 6 
make choice of thoſe which are'moſt durable, and moſt proper 
to reſiſt the force of the motion. 

I ſay now, if you apply equal powers to-theſe Wheels with- 
in the diſtances of their centers C'D, A D, in any'* place that 
the teeth meet, you will havegan'Equilibriam- 'every 'where; 
only it muſt be obferyed rhat the 'meetings of -rhefe Teethi/muſt 
be always under the line A'C.. w 061201 23D HERE 1-28 

By the 34. Propoſition in any place that the Epicycloid DV H 
is applied to the point D of the Wheel D G M, in making it 
move about the Centre A, it wilt make' an Equilibrinms between 
the equal Powers.. For..if one of the powers cauſe the other 
to move, it wilt caufe it 'ro' rah- over a'fpace* equal- re tthar 
which the ſame runs over it feIF. ''But by*cgnfirudtion off. the 
rooth O' N L, we fee that the-crooked line ON E'meeting the 
Circle B'z P makes the point D, ſo: mncti advance; as-it the 
Epicycloid'D:V- H mer it: For the diſtance between the Epicy+ 
chid DV 'H, and. the crooked line ON'Liis every where, that. 
of the Semidiameter of the Circulat rooth'B'Y Þff 

For example, when the centre of the tooth Dis come-ro G, 
and thar the- Epicycloid D V'Hi& placed th'1:G; Jis poirit G be 
ing joyn'd tothe Centre of the circular toerh,''t7s evident: that 
the arch D I of the cir:I& of the bafe wl'be equal'in length 
to the arch D G of the generating circle D GM ; But then: 
the crogked.line O N L will be placed-in o»/, and'the circu-.- 
lar tooth E » p which hath its centre m G; wilt neceſfarily crouch 
in the point », the crooked line or curve'9#9, for the thorteſt 
diſtance, from the point G of  the' Zprijeloid to the curve ont. 
will-be in the point touchant » of the circke - E#'p, and 'of che 
curve. So when the point D of the Epicyrtotd is come to. I, the. 
point O of the curve will be come to o, the arch O o will be. 
equal to the arch D I, and the curve on / which meets the Circu-. 
tar tooth in »,. will be made to advance irs centre in G on the 
Epicycloid 1 D, and by conſequence the arch D G. will.be equal 
in length ro the arch Oo, or DI, 7 

L have faid that the teeth ought nor ro begin to meer or ren-. 
counter themſelves but underneath the line A C, thar is to ſay, 
that. the bending O N L is nor proper for to act on the circular 
teeth, but when the point O of the curve ONE is come to 
D ; and by conſequence this curve ONE begins not to act a- 


gainlt che Curve or bending 'of the” Cixcalar rooth, but in the 
point. 
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Poink63.; where it 35, cut. by. the. pirck DG M,.and it conti rigucs 
always in thg;: Rencounter ox. meeting in its. part” Z P; inde 
ſcending beneath the line A C. 'c may then telſen alt the 
part. Z B of the Circular tooth, fince,'tis not uſctul'in the tmavi?.. 


ment, OF, MPLION, A 'F finjſh It. the. .Cixckc ZD. We may 
allo. finiſh the, reeth 9 che. at b, Vhe el. .by the 5 LNO; 
—_ by the cirols Q Þ, ythich Il be” Ys ron of the reeth; 
But in this conſtruction we 23jt 9 to d] ridgre the reeth after 
ſuchc manner in.ach Wheel that Ml tin” to: 'renCounter 
or meet. one another, only-in. the, line. AC, and that they 
do. 9983 hinder- one AROOREf: bore, ; Which will always be- eafy 
TO 04 4 $7 

"AIG nate, that the a Fang, LR SO Fade i F.the' Epic chid, 


begins alw8y5-9ut of ab and a ret [wards at it 
3s: berWeeny of Wil In; 05, 5 9D, the diameter of the gete- 


zating.Circle-1s, greater T an, D which is caſy co demonttrae 
by - the Seneration of Ph fa (po, bur T cooſfider : nor "in 


this place þyt.the , PHT cytve hich is. kout 
the La O D4 when. "In SE. Th $1 Mer? 


e, 0ughtalw LGC f Wheels to ake 
0p _ bo MARS gf Fg They their cep1 Crs, 
begayleithe, WFariBg, 0 ay bem $75 ety, FATE ty 4t 


on the gpntxary -5) iderabl le in them below, 
| ſuppoſing \ ep Meg or 0 OT the TOE "will be Hein adove 
ro beneathithe line + #7 "In, the mean tame if you would that 
the teeth of Sie We heels: work i in: rencountring themfelyes as 
- bave_ AC, is, muſt bego the. ing. AS I. fhull ſhew by and by, 
after L1 haye.the (P12. \genexal meth gd-for making. the teeth of 
gpe Wheel the ExFal JDanners, Ag5,0 be che POE: Relng at- 
waysj given t pon 9g OY MI TESESS 
© Exampſe.2 REPS 62M 547 120 hath; 
Fig. 1 92. l of t © Centre WR Met FJoth pr 
poſed, as in cli examole; T rake Fes Þoine ph 
that where I pleats. 4s B on, this rooth, and, 'dy ;theaus of 'this 
point I find the: figure -of the tooth, B N N; Wh ch oughr' to 
work with the propoſed ;. bur for to cauſe the rooth' propoſed 
to a&t or work in as many, patts as. is potlile, we ought To 
chuſe a point ia this tooth which may be the; neateſt ww the 
Centre C ot the other Wheel, an che motion of this poinr 
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choſen” about the center A of the Wheel unro which: "os faſt 
ned; and this pointe” wilE be the poihr Brin this Fxarmple; -:!- 

From the centre C and with theRidius CB delſcribethecircle 

B K, which will be'the'baſe of the Epicycloid B V V, whole 
generating circle is B G G deſcribed from the centre C and 
Radius A B; then from the centre! A having drawn the Ra- 
dius AG, from'the centre C7 #nd'by' the Radius C G we'may 
deſctibe the' circles G V, which eutithe Fpicycloid int V; and 
by theſe points V we may-draw the lines; V. H fy which. make 
the angles CV I equal to the an#le#C GA: Then oh the lines 
V HI we may apply the figure B z'of the rooth propoſed in 
the f1me manner as *tis applied to the'line A'B, in making it 
agreeable in the point Bor VV, and we may draw the curve 
tine BN N thac-fhall couch the curvatute- orbendingof the pro- 
poſed tooth; in all thefe different Poſitions,” which ſame thing 
will happen for the circle, if we rake: on-V H- the Magnirudes 
V H equal ro BD the radius of the:cirele of the propoſed tooth, 
and that from the points H for a center we deſcribe the cir- 
cles.N equal to thoſe of the tooth. 

It plainly appears by. this formation of the curve BNN 
that in any poſition phat it meets the circular tooth, the point 
B of the curve B'N'N' beings beneath A C/ithere'will- be every 
where an Equilibrium between 2 equal Powers applied to theſe 
Wheels in the diſtances C B, A B, from their centers CA : For 
we may demonſtrate, as in the preceeding example,that in any 
poſition thar- the curve B.N -N 1s applied to the circular'tooth, 
if will be diſpoſed ro make its way in the point B:on'rhe-cir- 
cle B' G, a ſpace equal-to- thar which-the fame point B makes 
on the circle BK.- For example, if the point'Y in Yuning over 
the ſpace BK on the circle BK, the ſame point B comes to 
G, by means of the Fpicycloid B V, which muſt be placed 
in Ks, bur the curve B N N will be placed in K », and: its 
point N will beapphlied in rhe point »,of the circular tooth B Z, 
tranſported in G », which will have its cemertin. 4 on: A G, 
and by conſequence the curve Km», which- a8s on the circu- 
lar rooth G » in the point: », makes: the point G to advance, 
{o much, as if the Fpicycloid ſhould be placed in*K G, and 
Joincd to the curve K ». 

'Fis cafily ſeen, that if the tooth of the Wheel B K is formed 
as-rhe curve B N N, it will begin ro aCt'on the circular rooth 
B Z; in the point B on the line A C: For ſo ſoon as the point 

k B of 
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.B of the curve B N N- is come $0 *A:C,, and-that .-it touches 
the point B of the circular-rooth, .rhers teeth.begin, to aCt one 
apainſt the other, and to:meaſure how mnch- the: tooth, B, NN 
deſcends: irs different points N, as they are applied-in diferent 
places of: the circular rooth 'B Z. | 

Nete, that if we take the lines V HI equal to B.A, all the 
points I will be in the circumference. of the circle A It, whoſe 
center isin C; and moreover, that all theſe points I will be 
-the:Centers of 'the generating; circle of the Epicycloid, in; the 
different poſitions whence ir deſcribes the points V. 

Laſtly, we 'may take the point B for the Commencement of 
'the Epicycloid in what place you pleaſe, whether within or 
-withourt the tooth, -inſtead of raking it-in'B on the -curve of 
the propoſed tooth; as-is done in this. example, and we may 
find always a: curve for the tooch which ought ro, work witch 
thoſe propoſed, and-which ought to make. an Equilibrium; be- 
tween two equal' Powers, which I ſhall.explain in the follow- 
ing Examples. | 1 


ie 1 Example. 3- 


Ler the right lin?d tooth be Z D,, which- makes with the 
Radius A Z the-avgle A Z-D, and let the point be D of this 
tooth which ought to begin ro work with the tooth of the 
other Wheel BK; having taken any pointB in the line A DC 
which-joins the centers, jand which paſſes through the point 
D,derermining; to what place the.tooth A Z D ſhould be made 
to'move oh its center A; or-if the point. D be nor deter- 
-min'd-on the rooth.Z D, and that there. be given the point B 
of like poſition to the line Z D,or- to the angle A Z D, hav- 
ing drawn A B which cuts Z D in D, we may place the line 
AB on theline AC, and deſcribe the circle B K from the 
center C, and the Radius C B; this circle will be the baſe, of 
the Epicycloid.B H M, of which the generating circle is B G, de- 
{cribed from the center A on the kadius A B. 

Then to all the points G of the circlcB G, having drawn 


the Radius's A'G, and from the Center C, ard for the Radjj + 


C G having deſcribed the arches of the circle G V, which ren- 
counter in: V- the Fpicycloid B V.M, 1 draw C V, ard after- 
ward V.H 1, which-makes the angle C V I equal to the angle 
CGA; on VI, Iapply ctheline H Z in the ſame manner that 

DZ 


[ 
3 
[5 
by 
| 
| 


$ 
3 
1. 
i 
2 
bs 
4 
£ 


UMI 


Book X.” Mechanick Powers. 239 
D Z is applied toB DA, that is to fay, that V H is taken e- 
qual to BD, and that the angle V H Z,. is equal to the angle. 
BD Z, the lines H Z will interſe&t them all, whence we may 
draw the curve line D N which will tquch them, this line D 
N will be the figure of the tooth which we ſeck, and which 
ought to be applied to the wheel g K. 

'Tis evident by what is demonſtrated before of the forma- 
tion of the ſecond tzerh on the firſt which .are given,. that the 
curve D N of the tooth applied ro'the wheel B K meeting the 
right lined tooth D Z below the line A GC, and beginning in 
the point D will make every way an Equilibrium, berwgen. 2. 
equal powers applied to the 2 wheels in the diſtances of C B 
and AB, that 1s to fay, in the extream of their Radij; for it 
we ſuppoſe that the line C B have tranſported the point B to K, 
the Epicycloid B V M will be placed in K G,, and the line:;A B 
will be placed in A G, fo that. the arch B G:will be.;cqual in 
length .co,the arch B K by the. property of :thg;Epicycloid,. 
But then in this poſition, the rooth will be ;in A.S.6, ,and..the- 
curve DN being putinE », its point » Which is the ſame as 
the point N, will couch the tooth in »; and even as in all the 
pointsas G and K the motion will be equal, there will be eve- 
ry way an Equilibrium between the rwo equal. powers, .-, ., - 

Where Note, That we ought not to determine the” Jengrth of, 
the right lined face Z D of the-tooth rowards,D; fax it;may 
happen in ſome caſes that the curve D N may not be touchant 
ro all the lines, as H Z, for theſe lines H Z interſc not, their 
extream H being determined and they rencounter not the next ; 
and if we ſhould draw the curve line D NN through all the, 
points as H, it would happen that only the end or extream D 
of the tooth would work, and would notwithſtanding make 
the motion equal, bur this is not that which is propoſed in this 
place, 


Example 4« 


Fig. 194. We may yet make another ſort of right lined 
rooth, the face of which tends ro the center of its wheel, ard 
by this mcans the tooth which aCts againſt it, has not its face ine 
clined to the Circle on which it is faſtned, as in the preceedirg 

P Þ I: xam- 
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Ezampfes, and this'kind of tooth is one of the eaſieſt roexecute in- 


great'Engins, and moſtuſeful for the motion. _ 
' Ler'the face be F D of this'right/lined'foorth which tends tor 


the'center'A of its' wheel, \ari6 which is'phced in the line A-B- 


T which joins the centers: of the wheels. By any point B''of 
the line A C, and from the center C, deſcribe the circle B K 
which is the baſe of che Epicycloid B-V, whoſe generating 


Circle is B-G, defcribed from the center. A and the Radius A. 


B; having drawn all etie RadiJj! A' G, andthe lines C G which- 
are the Radijof the circles G' V which rencounter the Fpicy- 
cold V;;- whenee rhe ane C V I will be made equal'ro the 
angle CG A. Laſtly, whence we may draw the curve DN N 
Which will rouch all the lines V 1 in their different poſitiors, 
and which' will be the figure of the tooth which ought to be 
dpplied- ro the Wheel B K: ' This rooth D NN rencounters 
the fate'FD ih atÞits<different poſitions, and will make every 
way an Equilibrium between z equal powers -applied*ro their 
wheels in the diſtances of C B'arfl A'B. For the curve DN N 
being placed in 4 », which is faftned to the Radius CK and 
renCounters the face A F D of the tooth propoſed in » in the: 
pottion A'G, -wilt.make the fame cffe& on the point G, as the: 
Epicyclod DV! placed in' KG, as I have made appear in the 
eg ing exaniple. | RE 
_*Tised to be by what is exphined before, thar' it will 
not be difficult to form the rooth which we ſeck, that which 
is given, being of another figure than the circular or right 
RS arboliaue, Hyperbolic, and the fame in the Epicy- 
bid. <= Om Fra - | 


PROPOS YH. 


Ne may deſcribe an Epicycloid' on a baſe which is con- 

centrick to-the wheel which carries the propolſcd tooth, 

and by means of this Epieycltoid, we may find the Figure of 
the ſecond tooth, as in the preceeding propottion. 

Fiz. 195. Let ZD be the -figure of the rooth propoſed 
which is applied ro the wheel Z, rhe center whereof 1s A ; 
and on this tirlt rooth mark the point D, which ought ro begin 
ro work or aft with the ſecond tooth that we ought ro apply 
t9-the other wheel, place the tooth Z D in; making it _ 

witk 


3 


Book X.  Mechawch Powers. 291 
with its wheel about the'center A, ſo that irs'pointD be'on'the 
line A C, which joins the cetiters of the 2 wheels; in this 
poſition 'of the tooth Z D, having marke any poinr'B thar-you 
pleaſe on the line A C, from the'center A; *and''- with” the 'Ra- 
dius'A'B deſctibe the circk B G, which wilt be the baſe bF the 
Epicycloid B V, whoſe generating circle is BK, deſcribed from 
the center C'and- Radius CB, TO PH HH 
'Tis evident by what is demonſtrated before,” that the Epicy- 
cloid B V being faſtned to the Radins A B, will ſo much ad. 
vance the point B from the Radius CB, as the ſame point B 
advances on the circle B G in any poſition, that che Epicycleid 
ſhall be, as if it is tranſported ro'G K, the arch B K 'will be e- 
qual in length to the arch BG, and ſo the difference being 
every way the ſame of thefe arches, they will alſo be equal 
in length, in manner as if the Epicyclotd 1s placed in G K, the 
point G will notadvance any ſpace,.-but will be on its arch 
B G, and it makes nor ſo much to,adyance the point K on the 
arch BK. ate Phot oy 
Now to all thoſe points K of the' circle B K, having drawn 
the Radij CK, and afterwards AK, and from. the center. A 
and Radius A K, having deſcribed the arch KV which cyrs 
the Epicycloid in V, and the line AC in F, Whence the arch 
K L will be equal to the arch VF, and then drawing LA 
which will cut the arch B G in G, whence *tis 'eyident, that 
. the portion, B V. of the Epicycloid may be accommadared” fn 
G K. | es OE I. oy 
Having made the angle CBI equal to the angle CK A, and 
BI being equal to K A, whence alſo the' atigle B 1 g will Be 
equal to the angle K AG, and on g I equal to A B, or ro AG, if 
we apply the curve EN Z of the tooth given D Z, in the ſame 
manner thar it is applied on B'A, as if we tranſport it fo that 
the point B be put or placed in g, and the point Din E: 
Laftly, the Curve of the propoſed tooch in all its different 
pofttions will form another curve N N D by a- line which will 
rouch them all, which will be the figure of the ſecond'rooth 
which we ſcek, and which oaght to be applied tothe wheel B K, 
or to the radius © B 1) in the manner which *tis deſcribed. 
'Tis evident, that this' carve 'N N D will {9 much 2dvance 
the point B on its arch BG, as the ſame point B advances on 
B k : For when the point B is placed' in K; the” curve N D 
will advance the tooth ZD in Sn 4, for the point » of this 
P Þ 2 CUrVe 
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eurve- which: rericounters the tooth-in the poſicion'S » 4, ren- 
counters: it in the ſame manner, and in: the fame: place as the 
point. N which it forms. So 'the Epicycloid will. be- in. the po- 
fition: G, K,.,and. by ; conſequence two equal powers being ap- 
plied ro-theſe. rwo., wheelsin;the diſtances of: their Radii A B;. 
CB, :wilk a@.every way, equally, and. will make an Equilibrium. 
"Mm all the Rencounters of the teeth of the two-wheels. 


PROPOS. VII. 
To apply a little Wheel "inſtead of a. Tooth to the Wheel of 


an Engin..: 


Fig. | Have noted in the 6th. Propoſition, That the ſecond: 
- 196. & Tooth ought not to begin to work with the firſt, but: 
on the line A C.;, becauſe. that the wheels having their mo- 
tion above or below this line, the faces of the Teeth which 
rencounter themſelvyes-in their removing one from another, 
do. only rub one another in making their eſcape, which cau- 
ſes not any. ſenſible hinderance tothe motion; whereas when 
the rubing is made by the rencountring. of the parts which: 
yenter Or Come upon one another, the Impediment to the mo- 
-tion is very. conſiderable, and is that. which we chiefly ought. to 
avoid in Machines and. Engines.. : 

Behold' here a particular conftrution for the Teeth of 
Wheels of a great: Engin, where the. faces which rencounter 
themſelves-or meet, are made ſo that they. rouch one another 
withour rubing or. wearing, and what remains is only made on: 
the Axis,or Pivor. 

The conſtruRion of. theſe Teeth is the fame as thoſe of the: 
' firſt Example of the 6th. Propoſition, bur. the Application is. 
different.: In the 6th. Propoſition. the circular Tooth propoſcd. 
is ſtayed. firmly. by the Wheel ; but in thoſe here that is a lit-- 
tle wheel. which is. movable about its centre. D,. on an axlc- 
eree, Or pin, placed at the end of. the Radius A D ; there will: 
be then no other fretting, or wearing, in. this Engin, than that 
\ of the little wheel B.ZP on its. axis; for the circumference 
will apply it. ſclf every way, without fretting, or Wearing, on 
the Cnrve of che other Tooth ON L.. 
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"Tis. evident, that this application of the little wheel cannor 
make any varying from what I have demonſtrated of the cir. 
cular Tooth in the 6th. Propoſition, and that the efte&t of the 
Engin will be the ſame : For it matters not- whether the 
Curve O-N L rencounter or meet the circle O Z P of the lir- 
tle wheel, or the rooth of the ſame figure, fince its.center D 
will be always the ſame way.. | 


FROPFOS I 


The Conſtruttion of an Engin to raiſe Water according to 
the precedent Form.. 


Fig. be OI isa great Wheel made of great pieces of wood: 
197.44 joined rogether one with another, which is poſited 
or placed horizontally, the Axis, or Tree A B, of this Wheel-is 
a large piece of wood which is moved by its baſe on a Pivor, 
or Spindle P, being only faſtned at top with a pin of Iron to 
keep it always perpendicular : This Wheel is toothed, or wa- 
ved, on the edge after the manner of Wheels in rencountring,. 
or meeting, in common Clocks ; and it hath bur 5 Teeth, as 
O I, which act in paſling upon the little Wheel RS, which is 
movable on its axis C : This Axis is faſtned ro the armD C, 
which is likewiſe movable abour is axis D, which is ſtayed 
firm at any union: The arm D C is join'd and faſtned to the 
portion of the circle D E F, fo that they cannot move the one 
without the other ; on the thickneſs of the arch E F ic muſt 
have a double flat chain H G, faltned rowards the trop in E,, 
and this Chain hath rwo rings at the end of it, which ſu- 
ſtains the handle of Iron which carries the Pin, or Peſtle, of a 
drawing Pump : The Leaver, or Arm N, of this Engin paſſes 
in the Tree in B, and may be ſtayed if one will by the 
wheel to make it more firm ; it muſt have two lintk Wheek, 
ſuch as thoſe I am coming to deſcribe, which are diametri- 
cally oppoſite under the Wheel, and which do always a& by 
rurns one after another ; for by this diſpoſition of the little 
wheels when one appears in the bottom, or hollow of the wave, 
the other appears on the cop : Bur the Wheel turning from 
© co 1, the little wheel deſcends in the rencounter to the part 
© Q of the wave, and. amounts again in the other, we'muſt 
conſider. 
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. conſider but the part O Q of the wave, for there is: bur that 
. that works for to . lower the little Wheel which raiſes the 
Peltle, or Sucker, of the drawing Pump, and which :ſuſtains 
all the weight of water ; the lice Wheel mounting again in 
the other part of - the wave makes not any effort or. endeavour 
againſt the Wheel, for it follows only the hollow turning, or 
winding of the Tooth, not being raifed bur by the weight of 
the Pcfile, or Sucker, and its handle, and of the Triangle D E F, 
: which fall again bereath by their proper weight, which we may 
make very near equal to that of the little wheel. 

All the effort of the Wheel is mace only by its weight in 
'fuch manner, thart if irs as: heavy as the weight of the Co- 
.lumn of water which it ought to ſuſtain in the body of the 
Pump, the diſtance of the Leavers being compenſated, *cis evi- 
dent that there will not be any contiderable rubing -on the 
pivor Þ : But it muſt be always ſomewhar heavier, 1o that it 
may nor go out of the Iron wherein the Pivot plays, for other- 
wile it will work on the two little wheels all the time, which 
muſt be avoided. 

The number of Teeth cf this Wheel ought to be odd, fo 
that it may have always one of the two hittle Wheels oppoſite 
which work, and that the power which moves the leaver N, 
may act always equally, and not by jumps or skips, as it com- 
monly happens in thoſe Engins whica have not one or two 
wheels. *Tis in this that the principle direCtion of the con- 
ſtru&ion of Teeth, and the poſition of -ſmall wheels conſiſts : 
For which, chat we may always keep to the rule in the form 
of the Teeth, we muſt have reſpe& to the proportions of the 
height and length of the Teeth with the diameter of the 
wheel. 

We muſt obſerve that *tis not poſſible that the face of the 
Tecth, or of rhe waves of the wheel, ſhould work in every place 
On "the little wheel ar equal diſtances trom the Axis of the 
wheel, beciuſe the motion of the wheel is circular and hori- 
zontal. and that of the little wheel is vertical or perpendicu- 
tar ; tor it happens that when the Teeth! rencounter the little 
wheel in their lower part, and from their point, it the Axic- 
tree of the hiitle whecl is equally removed trom the Axis of 
the wheel, it: will be: nearer when the little -wheet is towards 
the moiery of its deſcent, which will be eatly knows in the 

Plane ; ths ditterence of removing will caulc a li:ue trewir.gor 
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wearing. of the face of the Tooth with the little wheel - Bt 
theſe are ſuch faults which are impoſlible ro be wholly avoid- 
&d in Engins, and we ought to refpe&t thoſe which have the 
leaſt, or the leaſt conſiderable, for the moſt perfcEt. 

For the conſtrudtion of the Teeth of the great wheel of rhis - 
Engin, we ought to conſider them as if they were in the ſame 
plane as thoſe of the little wheel, and when we have deter- 
min'd the figure, we apply ir on the wheel ro the place where 
it rencounters, or meets the little wheel, ferving as a profile or 
fit ſize cur from the figure of the Tooth. hs 

Fig. 198, Having determined the center D of motion of 
the arm D C of 12 little wheel RS, and the {ze D C of the- 
arm, from the c:nter D, and by the Radins D C deſctibe the 
circle C £. on which draw the line ABC touching in C; 
on the line B A for a baſe, and CE for the generating circle 
deſcribe th: Cycloid C V V, and through all its points V V as 
centers deſcrive the circles N equal to thoſe of the little wheel ; 
E ſay, that the crooked or curve line SN N which couches all . 
thoie circles will be the figure of the Wave. . 

If we imagin that the right line B A moves from B towards 
A onthe ſame with the Cycloid CV V which is faftned to it, 
"ris evident that ev2ry point B of the line BA will have fo- 
much of the way as the point C will have about the center D, 
being moved by tlc Cycloid V V: For if the point C of the - 
line B A is tranſpor:i in T through the ſpace C T, the Cy-- 
cloid C V will be placed in TE, and the point C will be arri- 
ved at E,*on the arch of the circle CE: But by the generart- 
on of the Cycloid, the arch C E is equal jn length to rhe right - 
line CT, then rwo <©qu::! p>wers one of which mores the line 
CT on the ſame, aid the oiker moves the point (CZ about the 
center D, will make an Equilibrium every where, for we 
ought to confider the right line B 4 :5 the circumference cf a 
circle whyſe center is infinite or ev<lefs. 

Buc now if inſtead 0. the 9iat C of the Radius D C, we 
apply the little circular wheel RS, whote center is in C, *tis 
plain by the conſtruction of the curve SNN that it will have the 
{ame cff<& on the center C of the litcle wheel in rencountring 
its circumference, as if the Cycloaid CV V ſhould rencounter 
only the point C: For the center C being put or placed in ÞP, 
che pointe N of the curve 5 N N will be placed in », fo that E 
72 Will be a ſhorter diſtance trom the point E of the curve. - 


In 
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In the conſtruion of.the Teeth of this Engin, one ſerves 
not all the curveSN N form'd on the whole Cycloid, bur 
only on one part, and that which you pleaſe, for otherwiſe it 
would happen that the waves would be too great. We may 
then take for Example in Fig. 31. the middle part N X of the 
whole curve SN X F, which is formed on the half Cycloid 
CN; ſo the bottom of the wave will be formed by the circle 
of the little wheel in the poſition N Z P, and its point _ will 
be in the point X; we may give very near the ſame figure to 
the part of the Wave which mounts up again and works nor, 
to the-intent that the little Wheel may roul away more eaſily 
in remounting within the bottom. 

Fig. 199. We muſt note,that when the little Wheel is come 
to the end X of the Wave, the center M of the little Wheel is 
not ſo far as it may be from the point X, that is to ſay, that 
the line M X is not perpendicular to B C: Bur as the point 
X deſcribes a line parallel ro B C, it works only on the cir- 
cumference of the little Wheel, until that the point M is 
come within the line MX, perpendicular to BC ; the center 
M of the little Wheel will deſcribe then in that place a ſmall 
arch of a circle equal ro thoſe of the little Wheel, and it wit 
happen that the point X of the wave will be blunted or 
dulled a little in the. ſucceſſion of the work, which will not 
happen if one ſcrves for all the curve N X F; for the wave will 
not be one point from 11s extream F, as in the point X, be- 
cauſe that the Touchant of the curve in F is Parallel to B C, 
and the Touchant in X is inclined to the ſame line V C: "Tis 
evident, that the work of the point X will only endure fo 
mach more time as the little Wheel is more great; four the 
arch which the point M deſcribes, will be greater for draw- 
ing the point M, in the line drawn by X perpendicular to B C, 
than if the Radius of the line Wheel ſhould be lefler : There 
is till one inconveniency in a great little Wheel ; for it muſt 
have greater ballances on one lide, and on the other under ti] & 
wave, becauſe that it moves on tWo points one of which is it 
Pivor, and the other is that of the arm and of the Portion of 
the Circle which carries the chain, which will nor be ſo con- 
ſiderable in a ſmall Vhee! : put if the little Wheel be very 
ſmall, ic muſt take away @ greater portion of the curve N VN, 
ro form the ware thar ir may have always the ſame Elcva- 
(102 1a the peliJe, or rod of the Fump. 
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'Tis eaſily ſeenthat the chain which is faſtned to the portion 
of the circle ſerves to raiſe the Peſtle always perpendicular, 
which is a very good uſe in theſe forts of Pomps: For other. 
wiſe if the handle which carries the Peſtle, be only faſtned to 2 
Leaver movable about an axis as D in this Engin,it will happen 
thar the Peſtle will be drawn ſometimes to one ſide, and foine- 
times to the other, and wear unequally in the body of the 
Pomp in working, which will deſtroy it in a third part” of the 
time, as I have obſerved in ſome rencounters, © ' | 


FROFUS: A 


We may likewiſe apply the ſame conſtruftion to wings, or to 
the Axle-tree of Mills, which have their Wheel vertical, 
and whichare for Powder, for Paper, for Fulling, for Forg- 
ing, &c, or it may raiſe Peſtles, Very near as you ſee re- 
preſented in this figure. 

y 

Fiz. [| Shill here repreſent only two of theſe Peſtles, but we 

200.4 may put as many as we pleaſe, or as many as the mover 

of the Wheel can make to go ; you muſt always put two wings 

ovpotite, as A B and CD, to work on each Peſtle, ro the end 
that when one of theſe Wings as B having quitted the little 

Wheel E from the arm of the Peſtle, and thar ir is fallen, then 

immediately che otter Wing A, which is oppoſite to B, begins 

to relicvg It. | h | 

We miy alſo fre rhat if we have two Peſtles, it behoves 
that the wings Wi.i  54lomg to- cach one, will be. applied 
one after another, to the aux; 4 ihe Wheel, as we ſee here, 
where the. Azis 1s to 4 Panes, becauſe that it hath four wings 
and two Peſtles, and where the wings A and B are applicd 


_ tothe rwo opp faces of the axis, ard the two other wings 


C. and D, whica bong to the ocher Felile are applied to-the 
wo other oppofite faccy of the ſame axis: If we would then 
have three Peltles and fix wings, we muſt cut the Axis, or 
Tree, into 6 panes, or fides, and if we would have four, we 
muſt cut it into 8 ſides, unleſs we apply two Pefties on the 
fame face, and then there needs bur half of the fices to 
the trcc. ; | 
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* Bur it muſt be obſerved that. we do.not place tlie wings to- 
zether, which. are applied ro the ſfame-face, but 16” mingle 
them with the others, that fo the Endeavour, or cfeCt, may 
diſtribute ir ſelf equally on the Axis, or. tree, that is to ſay, that 
the raiſed Peſtles ſhould not be rogether. _ | | 

I do not repreſent in,this figure but one. of the, kinds of 
making:the motion equal, which; is by giving a. erooked figure 
\. tothe wings which are faſtned rothe Axis-of the Wheel, and 

' by placing the little Wheels to the end of the arm of the 
Peſtles, although there be yet another, in making the arms 
of the Peſtles of a carved or crooked figure, and in applying. 
the little. Wheels to the end of the right wings of the Axis of 
the Wheel : Bur I will explain theſe ewo kinds in the. con- 
kruction of the Curves or Crooks: 

T have not given here the.conjunRtion of this-Engin, nor the 
manner. of ſtrengthning all the pieces, *tis fuftkcient for him 
that regards the Mechanicks ro ſhew the diſpoliticn, the reit 
belongs to the Art of Carpentry. 


The firſt kind.. Fig, 20Tt. 


The firſt kind of applying, the Curve. to this Engin is that 
which is repreſented in the precedent Figure ; let the point C 
be the Center of the. Axis of the (great Wheel, and C A the 
diſtance from the Center ro the handle of th2 Peſtles, on 
the right line C A having determiad the point B, which is the 
extream A B, of the arm of. the Þultle, and which is the Cen- 
ter of, the little wheel which we apply to the end or extream 
of the arm ; and from the center C, and by the Radius C B, 
having deſcrit:a the circle B D, meke the Epicycluid B.V V on 
the Circle B D for the Baſe, the generating circle having 
is center at an infinite diſtance, that 1s to ſay, that the circum- 
{rence of tis Circle 1s a right le, and that the Epicycloid B V V 
is the laſt. of all, which is atfo. the Curve line d:ſcribed by 
the roling of the. circle, as-is noted before. 

Then from all the points V of this Epicyclo:d, having deſcribed. 
the circles N, equal co the circle E F of the litcle Wheel, the 
Turve E N N which touches all cheſe circles will be the faſhion 
@r form of the arm of the. tree, or axis of the Wheel. 

* Followirg the ſame method of demonſtration, that I have 
abſerved betore, it is cyident that 1a whatſvever Polition the 
arm 
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arm E NN of the axis, ſhall be in turhing- about its axis: C; it 
will have always equality of motion berween the center of the 
lictle Wheel which rifes perpendicular,and the point B: which ut 
moves abour from the center C: For if the center of the little 
Wheel B is tranſpolſed in H, following the line'B H parallel 
to A G and perpendicular to A C, through the Curve E N N 
rranfported in L»» about fromthe'centre C, tr isevidentthat the 
point H, will be found on the Epicycleid BY.V, removed in'K H, 
with the Curve E'NN' removed in L » »: For the ſhorteſt 
diſtance from the point H to the Carve L »#», will be equal 
co the Radius cf the little Wheel E F: Burt by the Formation 
of the Epicycleid B V or KH, the arch B K of its Baſe, will 
be equal to the arch of- its generating Circle, ' which is here 
the right line B H, which: repreſ&nts. alſo the way from the 
center B of the little Wheel,” white the {fame poinr B deſcribes 
the arch BK : But the ways BK and BH being equal, and 
the Powers equal applied in B, of which the one acts ro the 
end B of the Leaver C B, :and the other to.the end B of the ins 
tinirs Leaver BA, or determin'd to what diftance you pleaſe 
in A, for the length of the Leavers ought nor ro be Contider'd 
when the Powers are directly oppofire the one to the other, 
it will follow chat you will have on every fide an Equilibrians 
between the ewo equal Powers. 

We do not conſider here the rubing or wearing of the 
handle of rhe Peſtle throughout the ho!lowing of the wood. ig 
rans in, for to make it raile perpendicular, for we-ſuppote rhae 
rhe Bodics are exceeding ſmooth, and that the rubing or wear- 
ing hinder not in any manner the motion. 


The Second kind. Fig. 202. 


In the Second manner it muſt be that the arm of the Peitle 
3s of 2 Curve figure, and that the little Wheel is applied co the 
end of the arm of the Tree, or Axis of the Wheel. | 

The figure of this arm, or wing, is not determined : Sinc 
rhere is no regard, but to the length from the axis of the tree, 
even to the centre of the little Wheel, which works on: the 
arm of the Bar, or Peftle; ic behoves only to take heed rhat 
the Figare as CK D, which we give to this arm, or wing)! 
hinder not the motion of the arm of the Pclilc. Frail 
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' Let then; as before, the handle of rhe Peſtle be:A G, and the 
center of the Axis-C, having drawn the Perpendicular C A on 
AG, markon A C the Radius A Bot the little Wheel, and by 
the point B draw the line BE parallel-to A G, which will be 
the Baſe of the Cycloid B V V; whoſe generatirg circle will 
have the length CB for its Radius: If from all the points V 
of this Cycloid, we deſcribe the circles. N ..equal to thoſe of 
the little wheel, the Curve- line. N.N which touches all 
theſe Circles will be the Figure of the crooked arm which we 
ought to apply to the handle of the: Peſtle. 


*'Tis evident by the. generation of the cycloid; that if we: 
move the cycloid B V on its bafe B F, in what place ſoever- 


'tis placed, as in E D «; the end B of the Radius-CB being re- 
moved by the ceycloid ingzÞ7the arch B D will-be equal in 


length to the right line BE of 'the baſe ; but ift-in ſtead of the: 


cycloid we uſe the curve N N, we fee clearly, as in the pre- 
cedent propoſitions, that this curve will make the ſame way 
tO the point B, from the end of the Radjus C B, in rencoun- 
ering the little wheel A F, whoſe center is in B; for the curve 
»n Which rencounters the little wheel, cannor advance its 
center, or make it move forward, . but from the diſtance of 
that center to the cyeloid; which is that from the Radius of 
the lictle wheel: Bur as theſe motions, or movements, are «very 
where <qual, there will be an Equilibrium Phecween the two 
equal powers applied, as in the precedent example, which does 
not require any long explication after that which- I have ſaid- 
of other Engins. 

There is only in this caſe one diftculty for the conſtruRion; 
of this Engin; for as it is, that the little wheel lays hold on 
the arm of the Peſile below, if the arm of the Axis, or Axle- 
tree, which carries the little wheel, be right or ſtreight, it ren- 
Eounters the curve before that the little wheel rouches it ; we 
muſt then bend or make crooked the arm a little, as the line 
HKD fſhews; to the end that the little wheel begin to ren- 
counter the curve F NN, when its center B 1s in the line C 
A: But as it is difficult to make thefe forts of curves H K D, 
anlefs it be of Iron, we may alſo make to ferve an arm every 
way. right or ſtreight which ſhall bear or carry the center D of 
the little wheel, bur then the arm muſt be double, and the 
little whecl mui be applied between. two to the end, for the 
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crooked arm of the peſtle FN.N will paſs between theſe rwo 
treight pieces which bear the little wheel. 

We muſt obſerve here, as in all the other Engins, that the 
little wheel be ſmall; for when the crooked arm which it ren- 
counter or meets,  Ceafes to work by a perpendicular line drawn 
from: the center of the little wheel to the curve, it ougtr 0 
ceaſe in the Rencountrer, or diſcontinue to meet ir, which is 
not poſſible, becauſe ir ſerves bur one part of the Curve: Ir 
happens then that the extream of the arm works ſtill by its 
point on the little wheel, in making it turn on its center until. 
it be entirely got away, and in the motion, the Equilibrinm be- 
rween the powers is not found any more, which 1s a defect in. 
che Engin, which we muſt avoid and lellen by making the lit-- 
tec wheel of a ſmall Diameter. 


FROPOS.: Ab 
Of the: Length and Diſpoſition of the Teeth of Wheels.. 


Fig. 20 3] Have already demonſtrated, that it is nor neceſlary- 
that the teeth be equally diſtributed on the wheel, 
when they are of a regular figure to make them act equally. 
one with tother ; for it we have but one, it will be as if we 
had more which work, the powers applied. to theſe wheels. 
aCt always in the ſame reaſon or proportion, the one with re- 
ſpect to the other. Bur we muſt rake heed that when one 
tooth as ONL, which is cut as L, ceaſes ro work on the other. 
Tooth P Z, that is to ſay, when the Touchanr in L of the curve 
ON L, is alſo Touchant in the ſame point L of the curve ÞZ of 


"the other tooth, there muſt be two other already of the rwo 


wheels which work together; for otherwiſe the extream L of: 
the tooth N L rencountring ſtill only by the point L,the curve 
PZ will not be moved as before, and the motions of the - 
rwo wheels will not be equal berween themſelves:. It is not: 
poſlible in this cafe to retify the motion in ſeeking the figure 
which rightly 2grzes with the Teeth of the wheel A, to make 
the point L work equally on the Tooth Þ Z; for the point L 
rencounters the Tooth P Z, in the fame points where it alrea- 
dy is rencountred by the curve N L. But when another tooth: 
begins to work,or hath workt already,when the point L ceaſes 


ro work regularly on the Tooth PZ, the point L ceaſes alfo 
tO, 
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torencounter the tooth P Z; but becauſe the wheel to which 
'tis faſtned is moved always with an equal motion by the ren- 
Ccouiiter, or meeting of the other tecth.of the wheel C, which 
makes ir go further than the point L alone ſhould.do, tor this 
wheel A will have always the ſame way, as if the Tooth ÞZ 
ſhould be rencountred, or met, by the curve ONL prolong- 
ed, or lengthned; then the point L wilt remove. afide from 
the tooth P Z, ard they wilt work together .oply ſo muchas 
they can do it regularly, which is a great advantage to an 
Engin. 

We ought alſo to rake heed that the Teeth of one wheel ren- 
counter not thoſe of the other wheel above the points, where 
they ought to begin to work, that is to ſay, towards G, above 
che line A C,which joins the centers of the wheels for the rea- 
ſon of rubing or wearing, as I have already taken notice of 
before,for the rubings which are made of bodies, which go one 
on another are always very great, and on the contrary thoſe 
that are made by ſlipping, are very incon(tderable, wherefore 
we ought to diſpoſe the Teeth in ſuch manner, that they 
trouble not, nor hinder one another before they begin tQ work, 
and that thcre be a convenient length and depth gjven them, 
for power to diſengage themſclves eaſily the one from the 
other. 

We may yet note, as I have done, that the part of the cooth 
which works not, may have what figure you pleaſe, and thar 
we ought only to ſcek thoſe which gives it moſt conſtancy or 
ſedfaſtneſs, and which may ſerve for dilingagement, Never- 
theleſs ir is lefr to be done as workmen ule in their common 
diſcoveries of giving to teeth the tame figure of both tides, as 
well to inure to make theſe teeth all equal, as to ſerve allo to 
the motion of the Wheels, when we would make them turn 
in a tence contrary tothat which is necllary for the uſe of the 
Engin.; which. we arc oblicged; to, olt-thies 40 the building 
and taking; of them tou: pieces. 
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To make an Fngin which ſerves to move ſeveral Sawes' for 
the ſawing of Stones. Fig. 204. 


B, is a Frame, or Shas, in manner of a ſquare figure, which 

may move eaſily from C towards B, and trom © 10- 
wards C, being kept within a kind of hollow gutter or wood, 
in which it moves on little wheels which are faſtr:cd to 4 picce 
beneath r In this Frame you have two pieces of wot: joined 
at right angles in G ard in F, with the picces of the Frame A 
M, C B, and which are detained by rwo bonds or brices from 
the ſides: of the Frame, there muſt be alſo in the two vcher 
angles of che frame two bonds or braces in D and in E, which 
ferve to ſtrengthen ir. 

In the middle of this Frame there muſt be a Triangle of 
wood HIK, which is ſuſtained in the middle on a large piece 
of Timber, or Axle-tree L, on which it is well ttay ed, and 
when this large piece of Timber, or Axle-tree, turnes, the 
angles of the Triangle, which are furniſhe with ſmall little 
wheels in I K H, come to rencounter the pieces of wood G F 
one after another, making the frame A B to move from one 
ſide to the other in the hollow gutter, by forcing it in G, and. 
afterwards in F. 

Towards the ends of the picces of wood A M, CB, there 
muſt be rwo rods of Iron, as M B, which muſt be well faſt- 
ned, which muſt bear rwo hards of iron N O, which may run; 
along theſe rods of Iron, where they are engaged at one end,. 
and on the other they are well faſtned ro one of the arms of. 
the ſaw P. Wherce it appears, that when the Frame is mo- 
ved, it makes the ſaws Þ to move which :re on the two ſides 
of the frame ; and according as the ſaw works, the hards. 
deſcend by running a long the rod M B. | 

According to the force of the power which turns the axle- 
tree L, we may apply many Triangles, as H I K, which will: 
make to move ſo many Frames, as A B, which makes to go, 
EWICEC AS many Saws. 

The little wheels which are applied: to the. angles of the 
Triangle, and which facillitate the motion of. the frame, are 
of great uſe, becauſe they take away the rubing which would. 


be. 
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be made againſt the pieces G F, if there were none bur the 
angles of the Triangle which hit againſt them: Bur although 
theſe little wheels are applied to the angles, the motion js ne- 
vertheleſs unequal ; and for to make it equal, ir behoveth thar 
'the faces of the pieces G F which are rencountred, or hit a- 
'gainft by the liccle Wheels, muſt be formed in a crooked line, 
-Which is demonſtrated and explain'd all along before in the 
Treatiſe of Epicycloids. 

' Fig. 205. How to make the bending of the face of the 
pieces G F; from the centre.L, ard with the radius Ll, equal 
to the diſtance which is between the axis of the tree L of 
'the Engin, and the centre of the lictle wheel, having deſcri- 
bed the circle I F, draw a part of the Cycloid I S on the right 
line I Q , which rouches the circle in I, and which will bc 
the baſe of the Cycloid, the circle I F being the generator, 
and the beginning of the Cycloid being in I ; then on all 
the points of the Cycloid, as a centre, de{cribe the carcles R 
which muſt be equal to the little wheel, and you may draw 
the line R R, which will touch all the circles rowards the con- 
vexity AE the Cycloid. The line R R will be the.bending of 
the face of the pieces GF: We may prolong the line R R 
towards V, adding to it a part of the right line, even to rhe 
place where it is faſtned in the piece A M of the frame: You 
mult obſerve, that the little wheel in working ought ro ap- 
ply ir ſelf in the curve or bending RR, in the ſame manner 
that the circles R R are placed, that is to ſay, that the pieces 
G F ought to be a little more bending cowards the middle of 
the Frame. 
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To change the diredion of Motions, or Movements, by the 
means of toothed Wheels. Fig. 206. 


; ##pa the wheel. be A B which terns on a vertical Tampin C, 
; whoſe tecth are placed perpendicularly on the plane of 
the Wheel. | 

[f we would move this Wheel A B Horizontally, - by means 
of the arm D E; and thar its tecih; rencounter, and cnter in-the 
Spindles of the \kantern G i, which moves on its Horizontal 
| Tampin 
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Tampin MN, .it is evident that the Horizovtal movement of 
che Power applicd to the arm D E will be changed into a ver- 
rical movement or. motioa about the Tampin, or the Axle-tree 
M N, of the Lantern. 

Alſo by means of an Horizontal motion we may raiſe the 
weight P, whoſe Chord is wound about the Roll O, which hath 
its axle-tree Common with thar of the Lantern F G. 

But if inſtead of the Lantern F G, whoſe ſpihdles are pa- 
rallel to its axle-tree, we would make another, as H I, whoſe 
Spindles are inclined to the axle-tree K L, in what angle we 
pleaſe ; it is evident, that the horizontal motion of the power 
applied to the arm of the wheel, will be changed into a mo- 
rion inclined to it, in what angle one will bout the axle-tree 
K L. % 31 

Only note, that the Spindles of the Lantern HI, which 
rencuunter the teeth of the wheel A B, muſt find themſelves 
places horizontally in the rencounter,to the end, that they may 
be applied in the ſame manner, as if this Lantern were like to 
the ocher G F. | 


PROPOS. Xl. Fig 20K 


The deſcription of a Wind-mill,together with the Computati= 
on of the for ce of the Wind on its ſails. 


Hey are commonly of two ſorts, but they differ not but 
'F in this, that in the one the whole body of the mill turns 
on a Tampin, to expoſe the fails ro the wind; in the other, the 
body is of ſtone, ard none bur the upper part turns to expoſe 
the fails tro the wind. In thefe the Lantern and the ſtones 
ought to be placed in the middle of the Tower, that the teeth 
of the Whecl in all their diiferent Poliions may rencounter 
always equally the Spindles of the Lantern. 

A B is the great Axle-tree, at whote end the Sails are faſtned, 
and which ſerves for an axle-tree ro the Wheel C D. The 
reeth of the Wheel C D enter into the Spiadles of the Lantern 
E F, whoſe Axle-tree G H N is vertical, and which bring 
ſtayed by the upper ſtone I K, makes it curn on that beneath 
L M, which is immovable. 

So that the vertical motion of the Sails, and of the Whe-l is 


converted into the Horizontal motion of the ſtones. 
RrI The 
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- . The Wheel hath commonly 48 Teeth, and the Lantern 10 
Spindlcs, ſo that each-jurning round of the Wheel, or of- the 
ails, cauſes near 5 turnings round of the ſtones to be. made ; 
whence you may obſerve,, that perhaps the ſtones make nor 
the whole, or morethan one turning round, in one Second of 
time, and by conſequence rhe ſails will alſo make one rurn- 
ing about in g: ſeconds: Thezefore if the. wind be! to violent, 
we abate one part of the ſails, to reduce them, from this ſwitt- 
nels. i | 

It is not likely thar the ordinary manner of uſing the force 
of wind, to turn the ſtones of mills is the moſt advantageous 
that is pdilible ro! be, found, which is that which hath oblieged 
many a&tive workmen to ſeek after, other forts of Mills to 
the wind, and above all' the Horizontal, co the end thar the 
fails may be expoſed dircaly to the wind, and profit by all its 
force ; bur all theſe forts of inventions have not proſpered. 
We may perhaps believe that the Wind-mills, ſuch as we have 
{een were not made at firſt ſight in the perfection that they 
are ar preſent, bur that the continual uſe which is made 0f 
them, hath made many defaults to be teen; which one amend 
afterwards. | = 

Behold the Computation of the force of wind againſt the 
fails of a mill, according to the inquiry which was made by 
Mr. Aariet, in his book of the Mction of Waters. 

Fig. 208. A B repreſents in-this Figure the Axis or Axle- 
tree of a turned Cylinder, and the Rule GH a croſs ar right 
angles: And1IL is another rule, placed perpendicularly on the 
firſt GH, and ſtayed alſo in the Cylinder. MNOPis a tmall 
rhin table, even as:the precedent Rules, which islikewiſe placed 
perpendicularly on the Axis A B, ard Bras fo, that it makes 
with it an angle of 45 degrees, and with reſpect co the Rulc 
G H. 

If we ſuppoſe now that one Caſt of water beat direay 
againſt the Kule 1 L, towards the poim: Q, and that it tuzr's 
the Cylinder according: ro the order of the letters. 2 bc 1, 
but that the weight R placedtowards the end H, of the Rule 
G H,- makes an Equilibrium with the force of the calt of 
waicr Q. that is to fay, that it hinders the Cylinder from 
turning ; It is certain, that if the tame caſt of water beat 
4g2inft the Table M O, alfo in the point S, which bring ailo 
t& ler removed from the Axis of the Cylinder, as the point Q, 
and 
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and- that the -direftion of ; his Caſt be, perpendicular to the 
Table, is-eannae ſupportithe. weight R, hecaule that its direftion 
will not be accarding to the: mqgtion of the Rule I L,. which 
isin a plane perpendiculax go the Axis AB; but jr cannot at 
that time ſupport that weight which ſhall be co the weight R, 
as the fide of 2.$quare to its Diagonal. : ; —- 

And if the ſame Caſt is parallel ro the. Axis A B, and that it 
hit againſt the Table M O in the fame.point S, it . muſt. Bl 
diminiſh in its attempt in the ſame Proportion of the lide.” to 
the-diagonal of a ſquare, becauſe that this Caſt falls obliquely 
againſt the Table under an angle of 45 degrees. | | 

it is then evident, that this double reaſon of diminution 
ought to reduce the weight R to its moyety, or half part, 

Now the wind which beats againſt thc fails. of a Windm), 
beats, or blaws, obliquely, and it it rengounrters each fail under 
an angle of 45 degrees, it follows then from whar hath been 
faid, that it will not have but a moyety of the farce which jr 
would have, it it rencountred dire&ly, and it the fail, be pla- 
ced on the Axle-tree, as the Rule I L on the Axis A B. If we 
ſuppole then that the whole force of the wind be as. $0, it will 
be redcuced to 40 for theſe two caufgs. 9s 

But there is yet one cauſe of Niminution of the farce which 
c >mes from the ſame obliquity, for it will have a leſs breadth 
of wind which rencounters the ſurface of the ſail, than if it had 
been directly oppolite, and this diminution will be fill in the 
{ame reaſon, or proportion, of the fide of a Square to uts dia- 
gonal, which will in the end. reduce the whole forcg af the 
wind meafured by 80, to 28 +4. =” 

Bur if the obliquity of the fail is leſs than 45 degrees, that 
is tO lay, if it is more expoſed to the wind, wheieof we ſup- 
poſe the direction parallel ro the axis A B, and that the angle 
be of 5o degrees on one fide, and 3o on the oppoſite, then the 
firſt cauſe of diminution reduces the toice trom 8o to the 
moyety 40, bur the rwo others unlike, for they reduce not. hut 
trom 40 to 31 very nigh ; which gwes us to underſtand, ther 
It is better that the ſails of windmils have this obliquity then 
that of 4; degrees. 

By theſe ſuppoſitions of Mr.. 24ariots, if the ſwiftneſs of an 
indifferent wind is of 24 fcer through each ſecond of time, as 
one may. know by experience ; .one wing or ſail direftly oppu- 


fire ro the wind, and which bath 144 feer in its ſuperticies 
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will ſuſtain a weight: of 219 poands, if the: diſtance from the - 
ſupport, or the centre of motion, as the Axis AB. in;the pre- 
cedent Cylinder, 'even ro the place Jas R;- where the, weight 
is placed, is of 12 feer from the {ame,.as'the diſtance. from the 
Centre of the fail. 0 Eg wh 

Bur if the ſail have only 6 feet in breadch, and. 24. feet in 
length, it will have the ſame ſuperficies' of 1 44 feet; and its. 
Centre wilt be alfo r2: feet: fron the Axis; wherefore it-will - 
ſuſtain as yer the 210 pounds, having 12:feet of diſtance from 
the Axis: But if the diſtance from: the axis tro the Centre of - 
the fail is.of 15: feet, it will ſuſtain 262: poundsand +. 

Bur. through theſe three cauſes of diminution they. ſuppoſe 
the angle of rhe fails of 60 degrees, with the Tree, or Axis, 
where.they are faſtned; the force of the wind: reduces -it telf 
ro ſuſtains ror pounds and: +; having 15 feet of diſtance from 
the Axis':. And becauſe there are four ſails, the force of the 
windwill ſuſtain 407 poundsat-the diſtance of 15 feer from the 
Axis of the fails. 

But the ſemidiameter of the wheel bcing ſuppoſed of four- 
feet, if we make it:as-4 0 15, fo 407 10 1526, this will be 
the. number of the pounds which meaſures. the force of the 
wind againſt the: Spindles of the Lantern, in the ſuppoſition 
that it makes 24 feet in one ſecond ; there js no regard of the 
rubing, or wearing, in all thefe Calculations. 

In the horizontal*Milts you cannot have about bur one ſail, 
againſt whieh the Wind acts dircEly, and it muſt be made of 
an extraordinary g1e1tnefs, for to cauſe the ſame effect as the 
4 vertical ſails of ordinary Mills, as- 'tis eaſy to- compute ty. 
the precedent.Suppolitions.. 


P R@OPOS. XIV. Fiz. 209, 


Of Wheels, . and of Lanterns,. with their Flbows, or. crooked. 
Axes, for the moving the Suckers. of Pumps. 


'F the power turns the whecl vertically, we muſt only bend. 
the ends of its: Axis, as you fce here in the figure G H. 
But if the mation of the (power be horizontal, as it it. be ap- 
plied ro: the arm:C D of, an horizontal wheel 'A B, you mui. 
adjuſt the Lanterns EF, fo that their Spindjes enter. in.-to 
the 
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the reeth' of wheel, and that their crooked axes may work the 
effe@ that we deſire: '- 

* In each crogk of the Axis you may put a kind of little ring; 
I, which is faſtned to theend'of the Iron of the ſucker K. fo rhar 
in the motion of the Lantern, the crooks of the Axes raiſe then 
and ler them fall alternatively,or by turns one after another,theſe. 
raiſe and depreſs the Peſtles, or Irons, ro-which - the Suckers 
are faſtned'in the body of the pump, this allo makes ir give one 
ſtroke of the Iron to each turn of the Lanterns. 

' We may make the diameter of theſe Lanterns a fifth part 
very nigh of that of the great wheel, to theend, char for cach 
going round of the great wheel, the Lanterns may make five. 
But however commodrous this Proportion is,. we will.not 
make a Rule, becauſe it muſt have regard to the {wittneſs of 
che power which may be roo great for this'proportion, and. 
which will move the Rods, or Peſtles, too nimbly. 


PROPOS. - Iv. 


In toothed Wheels the number of Teeth muſt not contain ex-- 
attly ſo many times the Teeth of the Pinions, or Spin-- 
dles of the Lanterns to which they are applied.. 


"His Rule concerns only the execntion, and we ought to. 

 havc regard to make it fo, that the teeth of the wheels 
do not always rencounter the ſame recth of the Pinions, tor - 
when they rencounter, or meet dilferent ones, they grow 
periect in rubing and im uſing themſelves one againſt the 0-- 
ther, and by degrees they make very nigh the figure which 
behoves them, for to at cqually in their ditterent rencountes, 
and in the ditterent lengths from their Axes, which is explain- 
ed in the Treatife of Epicycloids before. 

It- behoves to practice. this Rule exactly, that the number - 
of the teeth of the Wheels, and ot the Þinions, muſt be. 
Primes between themſelves, that is to ſay, that they do nor. 
admit of any other common meaſure than Unity, and fo the 
ſame rooth of the little Wheel, or Pinion, rencounters+ nor. 
the ſame rooth of the great Wheel, but atter that the little. 
one hath made ſo many revolutions, Or turns, as there. are 
teeth.in the-great wheel. | TEN 

Buc. 
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Bur becauſe there is bur little difficulty to make one divi- 
flon of rwo prime numbers, we may make the number of 
reeth of che grear Wheel ; for example, of 48 or 60, and 
thoſc of the Pinions of 6 or 8, and in the Mills, the grear 
Wheel of 48 reeth, and the Lantern of 10 Spindles, to the 
end rhart the ſame teexth may meer as few times as is pollible.; 
for it the Wheel have 6o, and the Pinjon 6, the lealt num- 
bers which keep the ſame proportion wil be 16 and &, 
wheretore the ſame teeth of the Pinion of 6, rencounter not 
them of the Wheel bur after 10 revolutions .; and if the 
great Wheel have 6o, and the Pinion 8, the reeth of the 
Pinion rencounter not the fame teeth of the Wheel, till after 
ts revolutions, becauſe thar 15 and 2 are the prime Num- 
bers between themſelves, which expreſs the relation of 60 
.and 8: Laſtly, if the Wheel have 48 reeth, and the Pinian 
or the Lantern 1o, the teeth of the Lantern rencounter nut 
the ſame teeth of the Wheel bur after 2.4 revolutions, for 
the numbers 24 and g, are the two prime numbers which 
expreſs the relation berween 48 and 10, and 'tis this which 
makes us {ee that we cannot find a number of teeth which 
is more proper for the Wheel, and for the Lantern of Mills, 
for the divifion into 48 parts 1s eaſy, and may be done very 
exattly, and that of 10 is commodious, and may be re- 
duced tO 5. 


PROF 5 AT 


Of eblique and interrupted Movements, or Motions. 


Fig. TF the chord D of the weight Þ, be wound about on 
210.4 the roller of the beam G, and that the chord Ft 
which ought to draw the little wheel E, by means of the 
pulley L, : on which: paſſes the chord F, for to go to faſten 
it to the top of the little wheel E, pailing alſo on another 

ulley 1, whieh is faftned ro the rop- of the little wheel b, 
and which is ftayed ar laft in M rowards the pulley L; 'ris 
evident, that when the roller turns round ter to draw. the 
chord F, it windes ar the fame time the chord D, which is 
twilted- on the roFF G, in 'a'contrary ſence of. the chord. F.: 
Bux if the chord F is twilted on the roll Gopt 6. feet long, ihe 
4 weight 
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weight P deſcends at the'ſarne time from 6 feer high, and will 
alſo ar the fame time be raiſed by the motion of the lirtle 
wheel thronghourt the hollow ir runs 1n. 

But the Chord F. having been drawn the Fength of 6 feet,ir 
will not make the little wheel to advance bur 3 feer; for as it 
paſſes through upon the pully 1, and is ſtayed in M, it doth 
not advance the pully I, and the little wheel E,which are faſt- 
ned together, bur the half of ics movement, or motion. 

Wherefore when the chord F is twifted on the Roll G of 6 

feer long, and thar the chord D is alfo twifted or wound a- 
bout of 6 Feer in length, the little wheel E will not have made 
bur 3 feet of its way; and by conſequence the weight Þ will 
not be raiſed up again, but 3 feer by the motion of the little 

7 wheel E; it appears then to be defcended 3 feer, which is fo 
much as the little wheel hath made of way on the hollow 
groove, wherefore ir deſcends by this means by half a righr 
angle, or it deſcends fo much as it advances. 

Laſtly,if the chord D which is faſtned to the round beam,is 
all wound up, and that it begins to wind it ſelf about in the 
fame ſence as the chord F, then rhe weight P riſes again; but 
It riſes three times as much as it advances towards L: For it 
the chords D and F are wound about of 6, feer on the Rolf of: 
the round beam, the weight ought alſo to be raifed ro the 
height of 6 feer by means of che chord D, and it ought alfo to. 
be raiſed 3 feet by means of the little wheel E which draws 
ir, and which paſſes over 3 feet, while that its chord is drawn 
6 feet ; then the weight will be raifed 9 feet while that it runs 
over only 3 feet in length, which is the motion of the little. 
wheel E. 

Bur when thechord Dis wholly wound of the round beam, or 
cyclinder, and ' that the weight begins to rife, if you make 
a ſtop to the chord F,as in R, in phce which it paſſes at thar 
time over the pulley I, ſo that the cord cannot any more turn 
on the pulley,the fame thing will happen as if it were faſtned 
at the top of the lictle wheet E, and the weight will be raiſed 
6 feer, by the motion of its chord D, and 6 feetby the motion 
of the little wheel E,it will then have run over 6 feet in length 
hanging, while it 15 raiſed 12 feet. 

Now if the parcs of the Roll of che round beam on which 
the cords D and F are wound, are of different diameters, ir : 
will make the movements or motions, difterent,and in differen 
pro. 
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proportions of thoſe which I come to explain; but ir will be 
eaſv to determine them, the Diameters being given, or elſe, 
the motions being propoſed, it will be eaſy to find the Diame- 
ters of the Ro!l which will ferve them. 

We may alſo by the ſame means make it fo, that one part of 
the way of the weight ſhall be Horizontal, and the other parr 
riſe or deſcend perpendicularly, or obliquely, which requires 
no long Explanation ; I ſhall fay no more of circular motions 
in riting, or deſcending, ſeeing they only depend or belong ro 
the figure of the hollow groove. There is in an all theſe motions 
many little cautions to be obſerved, which muſt be I-fr ro the 
induſtry of the Artificer. 

We may alſo make many motions different and oppoſite the 
one to the other, with one and the ſame motion, by the means 
of pulleys, referring from one to another which Change the di- 
reCtion of the motions, - which ſerve chicfly ro make the changes 
of the Decorations, or Ornaments, of the two wings of Tizea- 
tres; for one axis only A { Fig. 211.) Which bears the Tam- 
bours,or Cylinders B C, of ditferent diameters, Coming to turn 
by means of a counter poiſe, or weight, makes to advance to- 
wards the middle of the ſcene beneath the Theatre, the fallc 
frames or -ſhaſhes D, which bear or carry the Ornamentsor De- 
corations by the means of the chords C E,B FE, which aic faſt- 
ned to theſe ſhaſhes, or frames, and which are wound abour 
on the Tambours in a contrary ſence: Theſe fame ſhaſhes D 
advancing, and thoſe of G retiring at the ſame time, whoſe 
place they take, by means of one or two chords I, which are 
faſtned co theſe two ſhaſhes, which paſs above the pulleys thar 
refer from one to another H, which are thoſe in the walls of 
the two ſides. The motion or way of theſe two ſhathes will 
be more or leſs according to the proportion of the Tambours, 
or Cylinders, which bear the cords of their motion. 
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PROPOS. XVIII. Pg. 212: 
» How to:raiſe a weight by an oblique motion. 


| the weight be P which is to be raiſed obliquely from Þ 
co A, the Engin which ſerves for the movement being ar 
the heighr of A. | 

Make ahollow groove A B compoſed of two pieces of wood 
which are only removed one from another, ſo'much as to leave 
room for the chord to paſs freely which ſuſtains the weight P, 
and which muſt be placed Horizontally ; the chord CD H 


which ſuſtains the weight P, is ſtayed firmly in C rowards the 


end B of the hollowggg, and paſſes in the overture between 


he two pieces of wood of which 'tis made; it paſſes alſo. a- 
bove the little wheel E compoſed of three pieces, viz. of two 
little wheels,or rollers,ot its ends, and of -one pulley berween 
two, on which paſles the chord C D H. Towards the end A of 
the hollow groove there is a Cylinder, or round beam G with 
its arms for to draw the cord F, which is faſtned ro the top T 
of the little wheel. 

'Tis eafy to behold by the conftruftion of this Engin, that 
when the chord I F draws the little wheel E fromB towards A, 


the weight P raiſes obliquely, or a flanr, from H to A, and that 


the elevation of the weight Þ will be equal to the length of the 
hollow groove A B. 

We may alſo make it that the Elevation of the weight P ſhall 
be in what proportion we pleaſe with its Horizontal way ; for 
Example, that the weight Þ be raiſed 20 feet hanging, while ir 
palles over 60 feet Horizontally. 

For this effect we may place the motion of the chord F, which 
draws the little wheel E from B towards A at the end B of 
the hollow groove with a pulley towards A. 

Alſo the round beam, or Cylinder, being placed towards B 
which draws the chord F,will advance the licrle wheel from B 
rowards A. - Bur then it will cauſe the cord C D H which 1u- 
Rains the weight P to be twiſted on the roll of the round beam, 
and that it will nor be faſtned immoveably in the point C, as 
before ; the place of the roll where it is twiſted, mult have its 
diameter ſmaller chan the ſame where it twiſts the cord F, 
when the Cylinder makes che lictle wheel E to advance on the 
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hollow groove,and then the chord D will be twiſted in a con- 
trary ſence to that of the chord F, to the end that it may wind 
of, as the other twifts aboue.. The proportion of the diameter 
of the part of the roll of the raund beam where the chord F 
winds abour, to the diameter of the other part where the cord 
D is twiſted, or wourd about, ought to be as the Horizontal 
way to the difference of the two. ways, which is. the ſame as 
Go to 40 0ras 3 to 2. For then when thechord F draws (for ex- 
ample) the little wheel E on the hollow groove through the 
fpace of 6 feer, rhat part of the roll wherethe chord D is twilſt- 
ed will have wound. 4 fect,, and by conſequence the weight 
P will not be raiſed as yer but 2. feet, although it have run 0- 
ver 6 feet of Horizontal motion.. 

It will be ghe fame thing for any Other proportion of Fle- 
vation ; only we muſt Note, that if we Would have the weight: 
P make a greater motion in height than in length, for exam- 
ple, if we would have it riſe zo feet hanging, while it runs o- 
ver but 10 feet in length or Horizontally, it. behoves thar the 
diameter of the roll for the chord F be made to the diameter of 
that part of the roll for the chord D, as-10,which is the Hori- 
zontal' way, to the difference zo of the two ways. For if to 
each bout of the Cylinder the chord F make 3 feet of way, the 
chard D will make 9g, for the circumferences of the rolls are in 
the ſame reaſon or proportion as their diameters ; and by con- 
ſequence the weight P rifes 6 feer, becauſe of the diameters of 
the parts of the roll, and” it riſes ftill 3 feet in the ſame time, 
which is equalto the Horizontal motiun. 

As to the ſwiftneſs of the. mation we may give it what we 
pleaſe, for it the cylinder cannot draw the chords which make 
the motion with fo much twiftnefs as we require, ir muſt be 
done by means of a counter weight very heavy, which we 
may raiſe to. an height equal to the Horizontal metion, ard' 
having faſtned this counter weight to a chord wound about on 
the roll, where the other chords which lerve to the motion are 
likewiſe twiſted, but in a contrary ſenſe, when we let looſe 
the counter weight it will curn the rolt with a great ſwift- 
neſs. 

We commonly moderate this motion by. means of a chord, 


- which ſerves to make the tricker,or detainer, and which being 


applied againſt any body where it flips and retains afterwards, 
with the hand we may let it looſe to ſuch a proportion of ſwift- 
neſs as we would give to the Engin, This 
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This ſame tricker,or detainer, ſerves alſo to render the moti- 

on equal, which will otherwiſe be very unequal becauſe of 

the acceleration of the counter-weight in deſcending. | 

When cne chord ſerves it ſelf, of many which are placed 
ene from another for to raiſe the ſame weight, or which is 
the ſame thing, which ſuſtains ir in ſeveral places, there muſt 
be inſtead of rhe little wheel E, a ſhaſh or frame\of wood,ufed 
2s MM, in which there muſt be rolls, as N, which ſerve with 
the pulleys to paſs the chords above, thele rolls turn-on their 
Axes which enter in the long pieces of the ſhath or frame. This 
ſhaſh muſt run along on the two pieces of the hollow groove, 
being drawn through the hook O where we faſten the chord 
which ſerves to its motion ; bur it behoves that the thaſh be 
kept on the hollow grooves thar it fall not from one fide tothe 
other. 

We may alſo inſtead of the hollow. grooves, make one chord 
only to ſerve, being well tretched our, on which mult pals 
a pulley, as R, which ſuſtains another S, which ferves co ſu- 
ſtain the chord of hanging motion which the-pulley R runs a- 
long in, in rouling on the chord which ſerves tor the hollow 
groove. 

I ſhall not ſay any thing concerning the manner of making 
theſe hollow grooves, and their detainer in ditferent places tv 
render them ſolid, becauſe ir belongs ro workmen, which 
work in Carpentry or Joynery. 

We may alſo make of theſe forrs of movements which croſs 
themſelves wichour trouble or confution, for it one ſerves to 
the ſhaſh, as I have explained. before, it is eaſy to ſee that the 
hollow grooves may be Cut and interrupted in any place in a 
{mall ſpace of 4 or 5 inches, which may terve tor the patling 
of the chord which ſuſtains the weight, which moves it felt 
with a ditferent motion trom that which.is borne vn the holluw 
groove Which is Cut, Without wich rae motion of the weight 
will be hindred ; for the thath having 1islong pieces ſupportcd 
on thoſe of the hollow groove, 1t may paſs caily above the v- 
verture of the hollow grouve. 

What I have ſaid concerning the raifing of Weizhts, may be 
applyed to their delcent. 
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4 Catalogue of Globes, Celeſtial and T, crreſtrial, 
Spheres, Maps, Sea-Plats, Mathematical In- 
ftruments,. and Books, made and Sold by J. Mox- 
on, at: the Sign. of Atlas im. Warwick-Lane.,, 
London. | 


FN Lobss 2.4 Inches Diameter, The price 20/7. the pair. . 
kT Globes near 15 Inches Diameter. The price 4. /, 

Globes 9 Inches Diameter. The price 2/. 55. 

Globes 8 Inches Diameter. The price 21. 

The Engliſh Glbe, invented . by. the Right: Honourable the. 
Earl of Ca/tlemain, 12: Inches. Diameter; the price ordinary 
made up 37. beſt made up 51. | 

Concave Hemi{pheres of the Stary Orb, which ſerves for a 
Caſe to the Terreſtrial Globe 3 Inches Diameter, made portable 
for the Pocket, price 15 -. 

Spheres, according to. the Prelomaick Syſtem, 14 Inches Dia- 
meter, Price 3 /. | 

Spheres, according to the Prolomaick Syitem 8 Inches Diame- 
ter, Prices 1/. 105. | 

Gunter's Quadrant 12 Inches Radius, Printed on Paper, ard 

paſted on a Board, with a Nocturnal on the back-ſide, price 
-—- 
"Game's Ourdrant, 4. Tnches Radius, Printed on Paper, and 
palted on Braſs, with a Nocturnal on the back-ſide, and a 
wouden Caſe covered with Leather fic for it. A new Inverti- 
on Conttived for the Pocket, prices -. 

A large #4ap of the Werld, 10 Foor long, and 7 Foot deep, 
paſted on Cloth and coloured price » /. 

* A Map of all the Wirld, 4 foot long and 3 foot deep, paſted 
on Cloth and coloured, price 10s. in Sheets 25.. 6 d. 

Si: Scriptural Aaps, 1. Of all the Earth, and how after the 

Flood it was divided among the Sons of Noah. 2. Of Paradiſe 
Or. 


or the Garden of Edev, with the Countries: cireunyacent inha- 
bired by the Patriarchs. Cs > - 

The 40 Years Travel of the Children of 1/ae! through the, 
Wilderneſs. 4. Of Canaan, or the;Holy Land, and how it was 
divided among, the Twelve Tribes of 1/rae}, and travelled thro' 
by our Saviour and his Apoſtles. 5. The Travels of St.Paul and, 
others of the Apoſtles, in the propagating the Goſpel. 6. Fe- 
ruſalem, as it ſtood in our Saviours time, with a Book of Expla- 
nations to. theſe Map, 'Entituled, Sacred Geography, price of 
of the Maps 6 s. Book z 5. to be bound up with Bibles. - : 


| A Tutor to Aſtronomy and Geography, or the Uſe of the Globes 
2 Celeſtial and Terrefrial ; by "Zoſeph Moxon, A member of 
the. Royal Society, and Hydrographer to the King's moſt Ex- 
cellent Majeſty, price 5 5. pb, 

The uſe of the Copernican Spheres, teaching to- folve as the 
Phenomina: by them, as eaſily as by the Prolomaick Spheres: By 
Foſeph Moxon, ec. price 45. 

Wright's Correction of Errors in the Art of Nawigation, p. 8 s.. 

An Exact Survey of the Mievcoſmi; being an Anatomy of the 
Bodies of Man and Woman, wherein the Skin, 'Veins,. Nerves, 
Muſcles, Bones, Sinews, and Ligaments are accurately deline- 
ated : Engraven on large Copper Plates, Printed and curiouſly 
paſted rogether, ſo as art firſt ſight you may behold all-the Parts 
of Man and Woman ; and by turning up feveral Diſlections of 
the Papers, take a view of all thejr. inwards, ;with Alphaberical 
References to the: Names of. every: Member and part of the 
Body : Set forth in Latin by Remelius and Michael Spaber of 
Tyrol, and Engliſhed by John Ireton Chyrargion ; and laſtly, 
peruſed and corrected by ſeveral Artiſts: Now corrected by 
Clopton Havers, M. D. and Fellow of the Royal Society, price 
plain 15 s. Coloured 1/. 105- | | 

A Tutor to Aſtrology, or Aſtrology; 9made. gaſie, PIICe 2 5. 

The Uſe of a Mathematical Inſtrument called a Quadrant, 

rice 6 d, 
: Mechanick Exerciſes : Or, the Doctrine of Handy Works, in 
nine Monthly Exerciſes. The Firlt Three, viz. Numb. S | 
Numb... 
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Numb. IT. Numb. 111. teaching the. Art of ,Smirhing. The Se: 
cond Three, viz. Numb. IV. Numb, V. Numb. VI. teaching 
the At of Fonery. The Third Three, -wiz, Numb, VII. Numb, 
VIII. Numb. IX. teaching-the Art of 'Hon/e Carpentry. Accom- 
modared with ſuirable Engraved Figures, by Foſeph Moxon, 
&c. price of each Monthly Exerciſe 6 4, 

Mechanick Dyalling ; Teaching any man, though of an ordi- 
nary Capacity, and unlearned in the Mathematicks, to draw 
atrue Sun-Dyal on any Given Plain, however lituared ; only 
with the help of a ſtraight rule and-a-pair of Compalles ; ard 
without any Arithmetical Calculation, by Fof. Moxon, p. 1 5. 6 d. 

Mellificium Menfionis : Or, the marrow-.of meaſuring com- 
priſed in 6 Books with Copper "Plates, ſhewing a new and 
ready way of Meaſuring, Carpenters, Bricklayers, Plaſteters 
Joyners, Glaziers and Painters works, and all Superficies and 
Solids, price bound 3 s. 69. | 

Art the place aforeſaid, you may have alſo all manner of 
Maps, Sea-plats, Drafts, Mathematical Books, Inſtruments, 
ec. at the lowelt prizes. | 
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14 | 13 , Propoſition IV. 

25 |12 Hanga thred 

28 | 3o | c in like manner. 

39 5 Diſtanr. 

gr |15 Foremoſt, 

53 | 5 Strike out [ i» ] 

53..| 20. Leaver, 

$3 | 23 then BM: 

53 [24 andDO. 7 

53 | 26 | ſtrike our [ in ] 

55 | 6 | add | or Tubing ] 

57 | I2 | Axis. 

I4 | Ax1s. 


rn ntmnamens 
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will be be tripled. 
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ſome things. 

The whole circumference of the. circle deſcribed 
Ne the wood, would: be chmpared with the line 


remain. ' 
ſtrike out -[ tbe] 
ſtrike out | ir ] 
ſtrike out | the } 
ſtrike out | the ] 
ſtrike out | 00 ] 

when. 

to the hindmoſt. 

ſtrike ont | be } 

and a little. 

Bucket M being 

raiſed into line the 18, then 
Silken. 

muſt. - 
riſe, 

mixtk, 


K H. 

KL; line25 HN 
that is it. 
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proceedin 

of the m0 

but only. 

with a Semicylindric. 
No extream 

by ſhortaing the rule, 


| for in Fig. 129. let. 


the Jags» 
gh 


Problem > VF. 
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"Pare 
:186 


187 
188 
I9T 
IQT 


:TYT 
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194 
194 
196 
197 
293 


206: 
207” 
218 


217 
220 
221 
223 
224 
227 


227 


.230 
230 
231 
232 
.233 
234 
236 
237 
238 
271 
271 
275 
276 
292 
296 
297 
298 
393 
305 
308 
308 
399 
310 
311 
3ll 


5, 


D. 


% 


| profixt- 
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* FEST if ev: 
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JE: - 7. mn tug: : 
onſik; =TO-2 ! 


wearing. : © - 
equality. 

by the way: 

Slownels, line 19. Clocks, Meaſure. ' 
alwates. 

require greater Veights, ; line 35, then 
adapt : line 19 = 7:4 

ſtrike out. { Lo. 
wings. 

in an hour. - 
thickneſs, line 39... add "_ T4, , 
to be uſed... , 


we - 


LY 


-third Minutes.” «3 ne | 
2173 andſo gradually in the number of -Pages. 
one : line: 29. ſizikgjout [ the ] 


33 


221, OF. line 7, the: - - EY l 
223, Ofc gradually, LETS 
plate. 
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33 
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its hang: line 39 Artifices. 
make a Comma after Indexes» 


2 | dividing :;lme 7 ia Ries 


8 | ſtrike ot, [ ed. | 
28 | they. ITY 
T9 | interval; *_, L:. - 
£5 j Whegk. :; 
9 | after [2k f _ I " 
28 [| BroC. 
14 | Syſtem. line 24. perperually. 
I7 | Leaves. 
7 | leave out | ef: ] 
I2 pals ; 11 7 
10 | Flexible. 
10 | ſtrike out [1] } 
19 | re-enter. +4 
7|CV 
27 | Axis. 
3 | Effort. 
19 | they come. 1 
29 | Prop. XIV. ): 0) 
IS ſuſtain. $13 © (1 ; 
3® | Prof. A Ven. 5: + © 0:8 
[7 Props, 'XV1L.. , v4 rr; C74 
25 0oOÞ> XVAL. -. FEY c LY 
31 | Cyhader.; -; | 
J2 : by + e place. 


